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Ob jectl ve 


Phase  III,  which  is  covered  in  this  report,  was  to 
carry  out  the  detailed  research  and  test  program 
developed  in  Phase  I,  using  equipment  developed  and 
standardized  in  Phase  II* 
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Summary 


Twenty-foir  separate  tests  were  carried  out  in  accord* 
ance  with  data  outlined  in  Phase  I as  follows: 

Test  No«  1 was  conducted  to  determine  the  pate  of  cor- 
roiTonoT^ s tee 1 panels  in  various  locations  in  the 
salt  spray  cabinet* 

j : , 

M 1 Test  No*  2 was  a repeat  terfc  on  the  corrodibility  at 

various^  locations* 

Teat  No*  3 waa  mad©  to  determine  ♦the  effect  of  nozzle 

|f  pressure  on  the  rate  of  corrosion* 

•]:  # 

Teat  No»  4 was  made  to  determine  the  rate  of  fog  col- 
lection at  various  locations  in  the  salt  spray  cabinet. 

Test  No.  5 was  made’  at  95°F,  20;i  sodium  chloride*  solution, 
uBirig  steol  panels  only,  to  determine  tn*  effect  of  test 
location. 

Test  No.  6 was  a 200-hour  salt  spray  tost  run  under  the 
following  conditions:  20^.  sodium  chloride  solution, 

pH  7.0,  temperature  100 °P. 

Test  No.  7 was  run  under  the  following  conditions: 

2o£  sodium  chloride  solution,  pH  7.0,  temperature  95°F. 

Test  No.  8 was  run  under  the  following  conditions: 

ZC$  sodlvni  chloride  solution,  pH  7.0,  temperature  70°F. 

Teat  No.  9 was  run  under  the  following  conditions: 

SO*  sodium  chloride  solution,  pH  7.0,  tsmperature  90°F. 

:| 

Test  No.  10  was  run  under  the  following  conditions: 

10#  so3 Turn  chi o ri de  solution,  pH  7.0,  temperature  95°P. 

I 

Test  Ho.  11  was  run  under  the  following  conditions: 

ST  sodium  chloride  solution,  pH  7.0,  temperature  95  °F. 

Teat  Ho.  12  was  run  under  the  following  conditions: 

5%  sodium  chloride  solution,  pH  7,0,  temperature  70°F. 

Teat  No.  13  was  run  undar  the  following  conditions: 

20%  sodium  chloride  solution,  pH  O.'1,  temperature  95°F. 

Teat  Mo.  14  was  run  under  the  following  conditions: 

20^.  sodium  chloride  solution,  pH  8.0,  temperature  95°F. 
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Summary  Cont'd 


Teat  Noo  15  was  run  under  the  following  conditions: 
substl tute  ocean  water,  pH  8*2,  temperature  95CF. 

Tq3 t No*  16  was  run  under  the  following  conditions: 
pST  so  Si  u xrT  chloride  solution  containing  0*1;*  sodium 
iodide , pH  7*0,  temperature  95°F. 

Test  No*  17  was  run  under  the  following  conditions: 

sodium  chloride  solution,  pH  7*0,  temperature  95°F, 
with  the  particle  size  of  the  fog  reduced  from  0*5  micron 
(used  in  all  o ther  testa)  to  0*1  micron. 

Test  No*  16  was  run  under  the  following  conditions: 
distilled  water,  pi i 7.9,  temperature  95 °F. 

Test  No*  19  was  a repeat  test  using  20%  sodium  chloride 
solution , pH  7*0,  tenpamture  9b°F* 

% 

Test  Kot  2Q  was  made  to  determine  the  effect  of  corrodi-' 
bill  ty  by  varying  the  angle  of  the  specimens  tested* 

Teat  No*  21  was  made  to  determine  the  effect  of  lowering 
tne  surface  tension  of  the  20%  sodium  chloride  solution 
by  the  addition  of  0*1,  Aerosol  OT  when  run  at  pH  7.0 
and  9S°F. 

Test  No*  22  was  an  outdoor  exposure  teat  conducted  on 
tong" Ts land  Sound  within  150  feet  of  high  water. 

Test  No  * 25  was  an  outdoor  exposure  test  conducted  on  the 
roof  of  tne  laboratory  building. 

Test  No*  24  was  a humidity  cabinet  test,  using  a relative 
humidity  of  95%  at  100 °F. 

K statistical  study  has  been  made  of  the  results  obtained 
and  is  given  in  the  Appendix  of  each  test. 
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Object 


ThST  NO.  1 

« 


The  object  of  this  teat  la-  to  compare  the  corroalon 
rate  of  test  specimens  at  the  various  locations  within  the 
salt  spray  cabinet. 

Summary 


Tests  nave  been  conducted  to  determine  If  steel 
panels  will  corrode  at  a more  rapid  rate  due  to  their  partic- 
ular location  In  the  salt  spray  test  cabinet.  This  Is  a 
necessary  preliminary  step  before  the  rate  of  corrosion  of 
different  metals  can  be  measured  with  sufficient  accuracy. 

Introduc  tlon 


The  purpose  of  this  phase  of  the  Investigation  was 
to  locate  any  not-rpots"  In  the  salt  spray  caDlnet.  ''Hot-spots'1 
In  tnls  case  designate  tnose  areas  where,  due  to  their  relative 
location  In  the  cabinet  with  respect  to  the  atomizer  or  for 
any  other  reason,  panels  of  like  material  will  corrode  more 
rapidly  than  panels  in  another  location. 

Procedure 


Thirty-six  low-carbon,  steel  panels,  measuring 
2"  x 3"  were  abraded  on  both  sides  using  240  grit  cloth  and 
an  oscillating  electric  sander.  The  panels  were  numbered  con- 
secutively with  stamped  numerals  and  were  cleaned  In  acetone, 
followed  by  A-l  cleaner  solution  at  1<’0°F  and  a hot  water 
rinse.  The  panels  were  then  free  from  "water  break."  After 
drying  In  a forced  air  oven  at  110°C,  they  were  desiccated 
over  calcium  chloride,  cooled  to  room  temperature  and  weighed 
to  the  nearest  tenth  of  a milligram.  Kach  panel  was  placed 
In  an  Individual  paraffined  wooden  rack  so  slotted  as  to 
Incline  the  panels  at  approximately  15°  from  the  vertical. 
These  holders  and  panels  were  arranged  or  a large  wooden  rack 
In  the  salt  spray  cabinet  In  nine  rows  of  four  each  according 
to  a previously  determined  random  distribution  of  36.  All 
wood  parts  had  been  previously  coated  with  paraffin. 

The  atomizing  nozzle  was  directed  away  from  the 
panels  and  against  the  side  wall  of  the  box  so  that  any  spray 
falling  on  the  panels  nad  been  previously  reflected  from  the 
wall.  This  was  done  to  provide  a more  even  distribution  of 
fog  in  the  cabinet.  Distilled  water  was  used  to  generate  the 
fog,  and  the  temperature  of  the  box  was  maintained  at  95°F. 

A summary  of  the  additional  operating  conditions  is  shown  in 
Appendix  A.  After  periods  of  24  hours,  corresponding  to  the 
1st,  2nd,  3rd,  4tn,  5th  and  8th  day,  the  panels  were  removed 


from  the  box  and  were  scrubDed  thoroughly  under  running  water 
with  a stiff  nylon  hand  brush.  The  panels  were  then  dried  at 
100°C,  desiccated  and  weighed  as  before.  The  Individual 
weights  and  times  of  exposure  are  also  snown  in  Appendix  A. 
The  position  of  tne  Individual  panels  in  the  box  ic  shown  in 
Appendix  B.  From  the  data  compiled,  the  average  weight  loss, 
the  standard  deviation  and  the  control  limits  were  computed, 
and  also  appear  In  Appendix  A. 

A grouped  frequency  distribution  chart,  a control 
line  chart,  a plot  showing  the  amount  of  corrosion  with  re- 
spect to  position  In  the  box  and  a graph  correlating  tne  per- 
centage of  tne  total  amount  corroded  with  the  day,  were  also 
constructed  and  are  shown  In  Appendix  C. 

Discussion 


The  grouped  frequency  distribution  chart  in  Appendix 
C Indicates  that  the  values  of  the  Individual  weight  losses 
group  themselves  around  the  average  in  a normal  manner  and 
in  accordance  with  the  conventional  "bell-shaped"  distribution 
curve  . 


The  control  chart  method  of  analysis  provides  a 
criterion  for  detecting  lack  of  statistical  control  of  quality 
and  is  used  for  determining  when  observed  variations  In  quality 
are  greater  than  should  be  left  to  chance.  The  control  limits 
used  are  plus  ana  minus  three  times  the  standard  deviation  as 
suggested  by  the  ASTM  as  a criterion  for  actfon  to  look  for 
assignable  curves  of  variation.  This  chart  shows  that  the 
results  generally  fall  within  the  control  limits  and  are  fairly 
evenly  distributed  between  them.  Since,  however,  certain 
values  are  outside  the  limits,  It  Is  Indicated  that  there  is 
a variation  in  results  that  cannot  be  attributed  solely  to 
chance. 


The  plot  depicting  the  amount  of  corrosion  (weight 
loss)  with  reBpect  to  the  position  In  the  salt  spray  cabinet 
shows  that  there  Is  a tendency  toward  a greater  amount  of  cor- 
rosion in  the  side  of  the  box  nearer  the  exhaust  and  a smaller 
amount  of  corrosion  nearer  the  nozzle  and  along  the  front  of 
the  box.  It  is  interesting  to  note  that  the  two  panels  show- 
ing the  least  amount  of  corrosion  were  tnose  on  the  two 
corners  nearest  the  nozzle. 

The  graph  correlating  the  percentage  of  the  total 
amount  corroded  with  the  day  shows  that  the  corrosion  rate 
was  not  constant  but  rose  gradually  to  a maximum  on  the  tnird 
day  and  then  decreased  to  a minimum  on  the  eighth  day. 


Conclusions 


There  is  a definite  gradation  of  the  rate  of  corro- 
sion with  the  greatest  amount  of  corrosion  occurring  in  those 
areas  farthest  removed  from  the  nozzle  and  tne  plate  glass 
window  in  the  front  of  the  caolnet. 

Note:  The  A-l  cloaner  mentioned  above  is  made  in  accordance 
*x th  Springfield  Armory  Tentative  LaDoratory  Specification 
LS-5 , dated  March  23,  1950.  The  suggested  composition  of 
this  alkali  cleaner  Ib  as  follows: 


Sodium  Carbonate,  Soda  Ash,  Anhydrous 

32  * 831 

Fed.  Spec.  O-S-5^1 

Trisodium  Phosphate,  Tech. 

47.2^ 

Fed.  Spec.  O-S-671 

Non  Ionio  Surface  Active  Agent 

5.2/t 

Anionic  Surface  Active  Agent 

14 .8* 
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TEST  NO#  2 


Object 

1 The  object  of  this  test  is  to  compare  the  corrosion 

rate  of  test  specimens  at  the  various  locations  within  the 
salt  spray  cabinet. 

Summary 

Test  No#  2 is  a repeat  ox  dun  # 1 and  was  for  the 
purpose  of  checking  the  results  obtained  in  Run  #1*  The 
operating  conditions  a‘nd  procedures  followed  were  the  same  as 
those  of  Run  Hi  wLth  the  following  changes: 

1#  The  panels  were  observed  on  the  1st,  2nd, 

3rd,  7th  and  8th  days. 

• 

2#  The  average  air  pressure  was  lower  than  in 
Run  #1. 

Pi 8CU88 icn 

The  group  frequency  distribution  for  Teat  No.  2 
shows  a much  greater  spread  in  the  range  of  weight  losses  and, 

1 | although  the  distribution  is  more  irregular  than  in  Run  #1, 

the  tendency  toward  an  even  distribution  around  the  average 
value  persists. 

Due  to  the  larger  range  of  values,  the  standard 
deviation  and  consequently  the  control  limits  are  larger,  and 
all  of  the  values  fall  within  these  limits. 

The  plot  depicting  the  amount  of  corrosion  (weight 
loss)  with  respect  to  the  position  in  the  salt  spray  cabinet 
shows  approximately  the  same  distribution  pattern  as  was  pre*- 
viously  obtained. 

The  chart  correlating  the  amount  of  corrosion  with 
the  day  shows  a maximum  weight  loss  on  the  second  day  as  com- 
pared with  a maximum  on  the  third  day,  obtained  in  Run  #1. 

Conclusion  a 

% The  results  obtained  in  this  test  fall  into  the 

general  pattern  of  those  obtained  in  Run  #1.  The  same  uneven- 
ness in  the  rate  of  corrosion  exists  and  the  greatest  weight 
losses  occurred  in  the  same  section  of  the  box© 
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TiiST  NO.  3 


Object 


The  object  of  this  test  is  to  compare  the  corrosion 
rate  of  test  specimens  at  the  various  locations  within  the 
salt  spray  cabinets 

Summary 


Test  No.  3 represents  an  effort  to  determine  the 
effect  of  a lower  atomizing  nozzle  pressure  on  the  rate  of 
corrosion  in  the  salt  spray  cabinet. 

Introduction 


The  nozzle  pressure  directly  controls  the  rate  at 
which  the  solution  is  atomized  and,  therefore,  should  b^  an 
important  determining  factor  on  the  re»te  of  corrosion.  Lower- 
ing the  pressure  should  make  a change  in  the  rate  of  corrosion 
and  possibly  lr.  the  pattern  of  the  distribution  of  the  rate 
of  the  corrosion  within  the  box. 

Procedure 


The  procedure  was  the  same  as  previously  obtained 
except  that  the  nozzle  pressure  was  lowered  to  a value  be- 
tween 4 and  6.5  psi . The  panels  were  observed  on  the  1st, 
4th,  5th,  6th,  7th  and  P th  days. 

Discussion 


The  grouped  frequency  distribution  for  Run  #3  shows 
a closer  grouping  of  values  than  was  obtained  in  Run  #2  and 
differs  from  Runs  #1  and  §2  In  that  it  shows  a definite  skew- 
ness that  had  not  been  ocserved  'before. 

The  control  line  chart  shows  a smaller  overall  varia- 
tion in  values  and  an  average  that  is  loner  than  those  pre- 
viously obtained. 

The  weight  loss  distribution  presents  an  entirely 
different  pattern  than  those  ootalned  in  Runs  #1  and  #2.  The 
areas  of  maximum  corrosion  do  not  seem  to  group  themselves 
in  any  particular  section  of  the  box  although  the  general 
area  of  the  maximum  corrosion  rate  is  the  middle  third  of  the 
test  area.  The  maximum  weight  loss  occurred  on  the  first 
day. 

Conclusions 

Lowering  the  air  pressure  has  a definite  effect  on 
the  corrosion  rate,  and  its  correlation  with  the  fog  distri- 
bution pattern  should  be  investigated. 
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TEST  NO.  4 

FOG  DENSITY  OBSERVATIONS 


Object 

The  object  of  tnis  test  Is  to"  determine  the  uni- 
formity of  fog  densities  at  the  various  locations  within  the 
salt  spray  cabinet,  the  relationship  between  these  fog 
densities  and  the  rates  of  corrosion  of  the  specimens,  and 
to  attempt  an  improvement  In  fog  distribution. 

Summary 

Tests  have  been  conducted  to  determine  the  rate 
of  fog  collection  at  the  various  locations  within  the  salt 
spray  cabinet  and  compared  with  the  corrosion  rates  of  the 
steel  panels  used  in  Tests  Nos.  1,  2 and  3,  and  variations 
made  in  positions  of  the  nozzle  to  attempt  an  Improvement  In 
fog  dlstrloutlon. 

Introduction 

The  purpose  of  this  phase  of  the  investigation  Is 
to  determine  the  relationship  of  the  fog  densities  at  various 
locations  within  the  salt  spray  cabinet  to  the  weight  losses 
of  the  steel  panels  used  In  Teats  Nos.  1,2  and  3. 

Procedure 

Run  1 - Thirty-six,  600-mllllliter  beakers,  which 
had  previously  been  cleaned  and  dried,  and  weighed,  were 
placed  on  a large  wooden  paraffined  rack  in  the  salt  spray 
cabinet  in  the  positions  previously  occupied  by  the  steel 
specimens.  The  atomizing  nozzle  was  directed  away  from  the 
panels  and  against  an  end  wall  of  the  box  so  that  any  spray 
falling  Into  the  beakers  had  been  reflected  from  the  wall. 
This  was  to  provide  a more  even  distribution  of  the  fog  In 
| the  cabinet  and  to  duplicate  the  conditions  of  Test  No.  1. 

Tap  water  was  used  to  generate  the  fog,  and  the  temperature 
was  maintained  at  95°F.  The  air  pressure  was  the  same  as 
that  in  TeBt  No.  1.  At  the  end  of  23.4  hours,  the  beakers 
were  removed  from  the  cabinet,  dried  on  the  outside  and 
weighed  to  the  nearest  tenth  of  a gram.  From  the  data  com- 
piled, the  percentages  of  fog  collections  were  computed  and 
appear  in  Appendix  A,  while  plots  of  the  densities  appear  In 
Appendix  B. 

Run  2 - k repeat  run  on  the  above  was  performed, 
and  these  results  also  appear  in  Appendixes  A and  B. 


Run  3 - In  an  attempt  to  provide  a more  even  dis- 
tribution oT  ^og,  the  beakers  were  placed  In  the  cabinet  as 
before  and  two  nozzles,  arranged  at  equal  distances  from 
either  end  of  the  cabinet,  directed  the  sprays  at  the  end 
walls.  The  temperature  was  maintained  at  95°P,  and  the 
pressure  the  same  as  before.  At  the  end  of  23.4  hours,  the 
beakers  were  removed  and  weighed  as  before.  From  the  data 
complied,  the  percentages  of  fog  collections  were  computed 
and  appear  in  Appendix  A. 

Run  4 - A repeat  of  Run  3 was  performed,  and  these 
results  also  appear  in  Appendixes  A and  B. 

Run  5 - Again  attempting  to  obtain  a more  even 
distribution  of  fog,  the  rack  In  the  salt  spray  cabinet  was 
raised  24  inches  from  the  bottom  of  the  cabinet  and  the 
beakers  placed  as  before.  A single  nozzle  was  placed  in  the 
center  pointing  vertically  downward,  with  the  spray  directed 
at  a low  cone-shaped  glass  piece  14  Inches  In  diameter  for 
the  purpose  of  directing  the  spray  up  and  around  the  rack 
above  the  nozzle.  At  the  end  of  six  hours,  the  beakers  were 
removed  and  weighed  as  before.  The  results  appear  In 
Apoendixes  A and  B. 

Run  6 - For  this  test,  forty  600-milllllter  beakers 
were  used.  TKe  wooden  rack  was  removed  from  the  cabinet  and 
the  beakers  were  placed  In  two  groups  of  twenty  (four  rows  of 
five  beakers)  at  either  end  of  the  box.  The  nozzle  was  set 
in  the  center  of  the  box  with  the  spray  directed  vertically 
downward  into  a 14-lnch  circular  section  battery  jar.  At 
the  end  of  six  hours,  the  beakers  were  removed  and  dried,  and 
weighed,  as  before.  The  results  of  this  run  appear  In 
Appendixes  A and  B. 

Run  7 - This  run  was  a repeat  of  Rim  6,  except  that 
the  cover  was  raised  one  lnoh.  The  results  of  this  run  ap- 
pear in  Appendixes  A and  B. 

Run  8 - This  run  was  performed  in  the  same  manner 
as  Run  1,  except  for  40  hours  duration,  with  all  the  conditions 
similar  with  the  exception  of  the  air  pressure  which  was 
lowered  to  5 lbs.  per  square  inoh.  The  results  of  this 
run  appear  in  Appendixes  A and  B. 

Run  9 - This  run  was  performed  in  a commercial  salt 
spray  cabinet  manufactured  by  the  Industrial  Filter  and  Pump 
Manufacturing  Co.  (Serial  S-1540,  Type  CA1,  37-1/2  inches 
long,  2a-l/2  inches  wide  and  48  inches  from  the  bottom  of  the 
box  to  the  apex).  Thirty-five  600-mllllllter  beakers  were 
placed  on  a wooden  rack  in  the  box  at  the  level  of  the  trough. 


and  the  box  run  for  eight  hours*  The  beakers  were  then 
removed  from  the  box  and  weighed.  The  results  appear  in 
Appendixes  A and  B* 


Hun  10  - This  was  a repeat  on  Run  9,  with  the 
exception  o?  the  number  of  beakers  used  which  was  forty. 

The  run  was  for  a period  of  4B  hours  at  which  time  the 
beakers  were  removed  and  weighed.  The  results  appear  in 
Appendixes  A and  B. 

Discussion  and  Conclusions 

Examination  of  the  data  and  charts  covering 
these  runs  shows  that  only  slight  gains  are  made  in  the 
uniformity  of  distribution  of  fog  by  changing  nozzle  posi- 
tions. The  fog  distribution  is  apparently  closely  tied  up 
with  the  position  of  the  nozzle  In  relation  to  the  outlet 
rather  than  the  nozzle  alone. 

Good  correlation  of  the  test  is  apparent  by  the 
distribution  of  fog  noted  in  Runs  1 and  2.  Comparison  of 
these  results  with  the  fog  distribution  at  lower  pressure, 
as  shown  in  Run  8,  shows  that  the  rate  of  travel  of  the 
X"og  across  the  cabinet  bears  some  relation  with  the  fog 
distribution. 

Comparison  of  the  corrosion  rates  of  Tests  Nos. 

1,  2 and  3 with  the  fog  densities  of  Runs  1,  2 and  8 shows 
that  the  corrosion  rate  varies  inversely  with  the  fog 
density.  A more  important  relationship  will  be  developed 
when  these  results  are  compared  with  runs  using  salt  spray. 


a 
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APPENDIX  A 


Number  of  Baaktf 

via.  Collected 

\*U./  hr. 

«r 

/a 

1 

32.0 

1.37 

9 6.9 

2 

30.0 

1.32 

92.7 

3 

19.9 

.350 

53.7 

4 

24.1 

1.03 

65. 3 

5 

21.  i 

.976 

59.3 

6 

21.7 

*990 

60.2 

7 

30,3 

1.32 

31.9 

' 8 

ic.s 

.710 

42,3 

9 

ie.i 

.700 

4 1 . 

10 

10  .3 

.460 

22,0 

11 

10,3 

.450 

21.1 

12 

14  , > 

.620 

3 5.0 

13 

14.2 

.€10 

54 . 1 

14 

1 5 ,9 

.630 

39.3 

15 

31,3 

' .3  7 

97*0 

16 

20.1 

.360 

f4.5 

17 

9.10 

.3  90 

16,3 

13 

19.6 

.840 

52.3 

19 

11.4 

.490 

24.4 

20 

1 .2 

.60 

3 7.4 

21 

19*3 

.8  50 

"4.5 

22 

10*6 

.4  50 

21.S 

23 

33.1 

1.42 

1 00 .0 

24 

13,0 

0 5 60 

30.1 

25 

9.  jO 

.420 

18.7 

26 

2 4.6 

1.23 

34.6 

2? 

3.  ro 

.3/0 

14.6 

28 

19*9 

.350 

53.7 

29 

4.40 

.190 

0 

30 

15.9 

.680 

39.8 

31 

17*1 

.730 

43.9 

32 

12.5 

* 540 

28.5 

33 

14*0 

.600 

33.3 

34 

20.2 

.860 

55.3 

35 

15*2 

.570 

30.9 

36 

11.5 

.510 

26.0 

CONDI  TT  ON?  OF  TE:  T 


Solution 

Composition 

D i s t . rig  3 

Rata  of  Settling 
(mm. /sac.)  Av. 

2 x 10 

Dry  Bulb 
Ttmp.{°  F.) 

39° 

Air  Pras^ure 
(Ibu./in.  ) 

15 

Wat  Bulb 
T«tnp.(°  F.) 

99° 

Air  Tam pa r a tura 
(°F.) 

95° 

Relative 

Humidity 

100& 

Rata  of  Flow 
(ft.S/”in.) 

.15 

Farticla  Sice 
(microns ) 

.3 

pi!  of  Solution 
and  Fog 

6*0 

U inbftr  of  Baairer 


1 

2 

3 

4 

5 

6 
7 
3 

9 

10 
11 
12 

13 

14 

15 

16 
17 
IS 

19 

20 
21 
22 

23 

24 

25 

26 
27 
23 

29 

30 

31 

32 

33 

34 

35 

36 


Solution 

Composition 

Dry  Bulb 

F.) 

^•t  Bulb 
?*np*(°  F.) 

Ralat i vm 
timidity 


M?A  »;  rBST  * 4r  RjJK  ir 


UU*  Colltc?:#d  Ml*./  hr. 


21.9 

19.4 

19.7 

21.6 

12.2 

20.4 
21.2 
11.2 
16.6 
8.10 
3.40 
3.30 
7.70 
8*80 
20.0 

13.5 
8*20 
1 *.3 

13.6 
15.9 
13.3 
10.8 
13*6 

13.6 

8.30 

21.6 
8 . 70 
20,4 

3 . 30 
17.9 
12.3 
11.1 
13,2 
1 5.3 
8.70 
7.60 


1.00 
.380 
.900 
.380 
.350 
.930 
. 960 
.510 
.760 
.3/0 
.400 
.420 
.350 
.400 
.910 
*890 
.3  70 
• 880 
.620 
.720 
.330 
.490 
.850 
.620 
.380 
.9^0 
.400 
.930 
.180 
.910 
» 860 
.300 
.600 
. <00 
.400 
• 3,0 


COMnirTJMs  jp  pr;;rp 


% 

100.0 

36.1 

87.8 

98.4 

46.1 
91*5 

96.1 

40.6 

70.6 

23.2 
27*8 
30.0 
21*0 

27.2 

99.5 

86.7 
23.9 

65.4 
S3  * 7 
6:>.  9 

9.3 

37.8 

81.7 

53 . 7 

24.4 
97.6 

26.9 

91.5 
0 

76. 8 

46.3 
39.0 
51 .2 

63.4 

26.8 
20.7 


Hist.  H O 
99° 


99° 


1001s 


Rate  of  S.ttling  2 x 10-4 
(tti./s«o.)  Av. 


Air  Pressure 
( lbs. /in.) 

Rate, of  ?1jw 
(ft.  /-.in,) 

Air  r.mp.rature 

(°F.) 


15 

.15 


95° 


Particl.  iii. 
(Ticrons ) 


3 


pfl  of  Solution 
and  Hog 


6.0 


DATA  ON  TK  T !l  4,  R 'H  TTT 

Number  of  ’#afcer 

XU £.  Collected 

Mis./  hr. 

< 

1 

8*30 

• I'A 

62.7 

2 

7, HO 

.334 

53.7 

3 

.700 

.030 

2.40 

4 

6.30 

.226 

38.9 

5 

5,^0 

.248 

42.9 

6 

1 *20 

.051 

6.35 

7 

6.10 

*2  1 

45.2 

3 

1.60 

.068 

9.50 

9 

,400 

.017 

0 

10 

2.40 

.102 

15*9 

11 

1 .60 

.068 

9.50 

12 

1 .50  * 

.056 

7.10 

13 

3.20 

.137 

22.2 

14 

4.00 

.171 

23  .6 

13 

13.0 

. 556 

100.0 

16 

.300 

.034 

3.20 

17 

1.20 

.051 

6.30 

13 

1.30 

• 056 

7.10 

19 

1 .2  0 

.051 

6.30 

20 

. ;oo 

.033 

4.00 

21 

4.40 

.183 

31  .7 

22 

1.10 

.047 

5*60 

23 

9.60 

.410 

73.0 

24 

.700 

.033 

4.00 

23 

1.60 

.063 

9,50 

26 

B.50 

.235 

40,5 

27 

1.10 

.047 

5.60 

28 

3.10 

.132 

21.4 

29 

.300 

.034 

3.20 

30 

1.50 

.064 

3.70 

31 

2.70 

.115 

IB. 3 

32 

.500 

.Oil 

* BOO 

33 

.aoo 

.034 

3.20 

34 

4.40 

.186 

31.7 

35 

1.00 

.043 

4.50 

36 

2.60 

.111 

17.5 

CONDI rTQIlS  OF  1VST 

Solution 

Dist*  HgO 

* Hate  of  Settling  2 x 

Composi tt  on 

(nm./eec. ) 

Dry  Bulb 

99° 

Air  rressur# 

15 

T«mp.(°  F.) 

(lbs  ./in.2 ) 

**t  Bulb 
T«p.(  F.) 

99° 

Air  T«ip.r.tur.  95° 

(°  ?•) 

R#latlv« 

100X 

Rate  of  *loir 

.15 

Timidity 

(ft,  /»U.) 

Particle  Sis# 
(miorona ) 


5 


pH  of  Solution 
and  Fog 


€.0 


-Ju  f 4,  KU u IV 


dumber  of  3a a1:* r as.  Collected  hr. 


1 

2 

3 

4 

5 

6 
7 
>1 

9 

10 
11 
12 

13 

14 

15 

16 
l r 

13 

13 

20 

21 

22 

23 

24 

25 

26 
27 
23 

29 

30 

31 

32 

33 

34 

35 

36 


/.SO 

4*20 

2.30 
' .40 

3.20 

2.50 

4.20 

1.50 
?.40 

1.60 

2.20 

2.20 

2.40 
IV. 0 
3 . so 

2.50 

2.20 

2.  /0 

1 .BO 

1.60 
2.;0 

2 .40 
3.90 

3.30 

1.40 

1.40 
• /GO 
3.10 

1.60 

1.40 
1.40 
.600 

1 .20 

1.60 
Z .00 
.400 


1.25 

100.0 

.700 

53.5 

.393 

40.8 

.900 

70.4 

.533 

59.4 

*383 

26.7 

voo 

53.5 

.2  ~0 

15.4 

.400 

23.1 

*267 

16.9 

.363 

2 3.3 

.369 

25.3 

.400 

28.1 

.2^0 

15.4 

.583 

43.5 

.383 

26.7 

,363 

25.3 

.450 

32.3 

.300 

19.7 

.2*  >0 

15.4 

.450 

32.3 

.400 

23.1 

• 6 SO 

49.2 

.550 

40.8 

.233 

14.0 

.233 

14.0 

.117 

4.20 

.517 

39.0 

.267 

16.9 

.233 

14  .0 

•253 

14.0 

.100 

2.80 

.200 

11.3 

.267 

16.9 

.333 

22.5 

*067 

0 

cjw>irT  >}>t  ok  r^:r 


> olutio« 

Composl  fci on 

Diflt.  1^0 

Hate  of  Settling 
(mm./eec.) 

2 x 10’ 

Ory  3iHb 
T«np*(°  F.) 

99° 

Air  Pressure 
(lb»*/in.  ) 

15 

tfet  Bulb 
Temp.(°  F.) 

99° 

Air  Temperature 

(°  r.) 

0 

95 

PelaMve 

Humidity 

100l£ 

Ret©  of  *1  cm 
(ft.3/*  in.) 

.15 

PnrfcJcle  Size 
(microns) 


3 


pH  of  Solufcian 
— 1 1 Fr- 


6.0 


DATA  OH  fRSP  f 4 


JL 


^jk  v 


Number  of  >aakar 

1 

2 

3 

4 

5 

6 

rj“> 

a 

9 

10 
11 
12 

13 

14 

15 

16 

1 

la 

19 

20 
21 
22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 


vis.  Collected 

4*30 

4.70 

27TO 

3 • '0 
*.30 
5.30 

ir7V5 

4.10 

6.20 

6.10 
^.30 
6.00 
6.00 
6. SO 
7.10 

6.90 
7.80 
7.10 
10.1 

9.90 

3.30 
7.40 

7.90 
9.r>0 
9.  '0 

a .oo 

5*40 

7.20 

9.30 
a *20 

7.40 

6.30 

6.40 

6.30 

5.  BO 

6. *0 
€.40 

5.30 


COHDIX yj:js  OF  mY 

Solution  Dtst.  a 0 

Composition  2 

Dry  Bulb  99O 

Tamp.(°F.) 

ffat  B ilb  99° 

fanp. (°  F.) 

Ralatixr©  Humidity  100% 

Particla  SUa  .3 

(^icrons ) 


■ns./  hr.  t 


.716 
. /83 

77^2 

.617 

.835 

.835 

TSW 

.684 

1«03 

1.02 

.963 

1.00 

1.00 

1.14 

1.19 

1.15 
1.30 
1*19 
1.68 
1 *65 
1.47 
1.23 

1.32 
1.58 
1.45 

1.33 
1.07 

1.20 
1.38 
1.  4 
1.23 

1.14 
1.07 

1.15 

1.14 

1.15 
1.07 
.885 


9.3/ 

1-.6 

T?7? 

0 

23.0 

25.0 

TT?S 

6.25 

39.1 
3 ’.5 

32.8 
36.0 

36.0 
48.4 

53.1 
8O0O 

64.1 

53.1 

100.0 

97.0 

79.8 

57.9 

65.6 

90.6 

78.1 

68.1 
42.1 
r4.S 

71.9 

86.0 

57.9 
48.4 
42*5 
50.0 
48.4 
50.0 
42  .3 
2%0 


Rata  of  Settling 
(nr  ./sto. ) 

Air  Pras&gra 
(lbs. /in*  ) 

Air  Tamparatura 
( P* ) 


2 x 10 

16 

95° 


Rata  of  Flow  .15 

pH  of  Solution  6.0 


Number  of  r 


'Is  • /hr 


£ 


i)ATA  ON  T;  T * 4,  HUH  H. 


i rtfA  051  IF.  T M,  RUN  VII 


Number  of  Bearer 

Ml*. 

Co1 l«c ted 

M*s./  hr. 

1 

25.7 

1.07 

100.0 

2 

17.6 

. 734 

52.4 

S 

10*5 

.438 

10.6 

4 

10*9 

*454 

12.9 

5 

14.6 

.608 

34.7 

6 

10.7 

.446 

11.8 

7 

8 

TT7T 

TT3? 

TTTf 

9 

9.30 

.388 

3.53 

10 

12.5 

.520 

22.4 

11 

13.3 

♦ 575 

30.0 

12 

1 1 .2 

.467 

14.7 

13 

'Z.6 

.525 

23.0 

14 

12.6 

.525 

23.0 

1* 

23.5 

.9*0 

*7.0 

16 

10.4 

.434 

10.0 

17 

10.3 

.454 

12.9 

13 

11.3 

• 49  5 

19.3 

19 

9*10 

.408 

6.47 

20 

9.70 

.404 

%39 

21 

22.1 

.921 

/^.9 

22 

%70 

.362 

0 

23 

20.5 

• 854 

69.4 

24 

10.2 

.426 

S. 84 

25 

9.90 

.413 

7.05 

26 

15*6 

.650 

40.6 

27 

12*0 

.500 

19.4 

2? 

11*3 

• 62 1 

35.7 

29 

3*30 

*388 

3 • 53 

30 

9.30 

*388 

3.53 

31 

13.0 

.541 

2 5.2 

32 

8.^0 

.567 

.60 

33 

4.90 

•3/1 

1.18 

34 

14.7 

.612 

3 5.4 

35 

10.3 

.429 

9.40 

36 

12.1 

.504 

20.0 

ex  id  mow  a of  rs.  t 

Solution 

D \ t>  t * 

HgO 

Rat#  of  2ett? tng 

2 x 

Conr  position 

(*nm  ./see  • ) 

Dry  Bulb 

99° 

Air  Pressure 

15 

r«mp.(°  F.) 

(lb*. /in.2) 

To.  Bulb 

99° 

tir  temperature 

95° 

Tr-.p.(°  F.) 

(°  F.) 

Relative  Hu^dity 

10O' 

Rate  of  Flowr 
(ft.  /?ln.) 

.15 

particle  *ixe 
(microns) 

.3 

pH  of  Solution 
and  Fog 

6.0 

* 4 


.;AT A }*:  n ’ 


Number  of 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 
n 
12 

13 

14 

15 

16 

17 

18 

19 

20 
21 
22 

23 

24 
2 5 
26 
21 
28 

29 

30 

31 

32 

33 

34 

35 

36 


*fl  s * Co^^£cfc?*<i 

1.40 
1.00 
1.20 
1 .90 
.800 
.600 
1.30 
1.70 
.300 
1.20 
1 .40 
2.00 
1.50 
1 .20 
1./0 
2.20 
2.10 
1 .00 

1.90 
2.30 

2.90 
1.60 
2.30 

3.40 

3.50 
2.30 
3.00 
r.  00 

2.50 
2.60 
3.90 
fl*?0 
Z . 50 
3,20 

5.40 

*.00 


C KCDtTT  n:.  OF  tfs? 


Solution  Composition 
Fry  Bulb 

IHst 

T#  p,  (°  F*  ) 

99° 

Wafc  Bulb 
**p.C  F.) 

99° 

Ralativa  Humidity 

1CXW 

Par tic !• 

■ns.  / hr. 


. o.-;  5 
.02  5 
.030 
.049 
.020 
.015 
.032 
.042 
.020 
.030 
.03  5 
.050 
.038 
.030 
.042 
.055 
•0"2 
.025 
.045 
.0/0 
.0  2 
.040 
.055 
.085 
.08  7 
.058 
.0/5 
.125 
.062 
.065 
.097 
.167 
.062 
.080 
1.35 
.1/^ 


12.3 
6. 25 
9.38 
20.2 
3.13 
0 

10.9 
17.2 
3.13 
9. 33 
12.5 
21  .9 

14.1 
9.38 
1?.2 
2 5.0 
23.4 
6.25 

20.2 

34  .4 

35.9 

15.6 

26.6 

43.3 

45.4 
26.6 

37.5 

69.9 
29.7 
31.2 
51  .6 
*5.2 

29.  7 

40.6 

75.0 

100.0 


of  .titling  2 x io*4 
{’"n./s»c.) 

Air  Iressure  * 

(1t>*./ln.  ) 

Aiyprature  gfl0 


Rat#  of  i-low 

( rt.3/ain. ) 


pH  of  Solution 
and  Fog 


,58 


6*0 


data  m nr 


n 


Number  of  rttaV'tr 

1 

2 

z 

4 

5 

6 

7 

8 

9 

10 
11 
12 
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TEST  m*  5 


Object 

The  object  of  tide  pha s-e  of  the  investigation  Is  to 
determine  the  distribution  of  rso  mt  of  corrosion  of  steel 
panels  In  a salt  fog  atmosphere* 

Soagia  ry 

A tost  has  been  run  at  95  *F,  istmg  a 20J?  salt  solu- 
tion, to  ieterrine  the  amount  of  corrosion  of  steel  panels  In 
the  different  parts  of  the  t > st  area  of  the  salt  spraj  canl.net. 

Introduction 

In  fee  foregoing  tests,  an  investigation  «as  con- 
ducted to  correlate  the  amount  of  corrosl on  of  a steel  panel 
with  the  fog  iensitf  at  t;iat  position  in  toe  cabinet.  Fog 
distribution  patterns  rcere  determined  and  wide  variations  were 
oq served*  The  amount  of  corrosion  varied.  In  general ,■ inversely 
as  the  amount  of  fog  collected.  All  these  runs  were  made  using 
water  and  not  a salt  solution,  idnee  most  at  the  tests  using 
this  cabinet  are  to  be  made  wt  th  salt  solutions,  the  distribu- 
tion of  corrosion  In  such  an  atmosphere  should  be  checked  on 
panels  of  like  material  before  comparison  car  oe  made,  in  sub- 
sequent runs,  between  panels  f different  composition • 


Concl  islorsa 

Cn.  the  basis  af  t Is  test.  It  Is  evident  that  the 
corrosion  rate  aid  distribution  are  mare  even  than  ttvose  In 
tiie  foregoing  tests,  using  distilled  water.  The  distribution 
of  corrosion  as  s measured  In  the  outlined  aiarmer  appears  to  be 
such  to  at  comparative  test  can  be  made  with  dissimilar  test 
panels  and  that  reasonable  conclusions  can  be  drawn  regarding 
corrosion  rates  regardless  of  the  position  of  toe  test  panel 
In  the  box. 


[ 

5 
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TEST  NO*  6 


Object 


The  object  of  this  teat  is  to  determine  the  cor- 
rosive effects  of  a 20^  sodium  chloride  solution,  pH  7.0 
at  100°F,  on  steel,  brass,  zinc,  aluminum,  cadmi xm,  nickel 
plate,  and  enameled  and  phosphated  steel. 

Summary 


A test  has ‘been  conducted  for  a period  of  200 
hours  in  the  salt  spray  test  cabinet  to  determine  the  effect 
of  increasing  the  temperature  5°P  abov<*  the  standard  value 
of  95°P.  Operating  conditions  were:  temperature  100 °F, 

20??  salt  solution  at  pH  7.0. 

Introduction 

*The  test  shall  bo  conducted  with  a temperature 
in  the  exposure  zone  maintained  at  95°  plus  2°  or  minus  S0?.11  - 
Fedoral  Spacif 1 cat  Ion  QQ-M-151a.  The  maintenance  of  the  proper 
operating  tempo  rat  uro  should  be  an  important  factor  in  de- 
termining the  corrosion  rata  of  metals  and  protective  coat- 
ings because  of  the  increase  in  reaction  rate  of  most  chemical 
changes  wi  tSi  an  increase  in  temperature*  In  this  and  subse- 
quent tests,  the  temperature  vyIII  bo  varied  over  the  range 
of  practically  encountered  temperatures,  and  its  effect  on 
the  corrosion  rate  determined* 

Procedure 


The  test  was  run  for  200  hours,  using  a 20%  sodium 
chloride  solution  at  pH  7*0*  The  cumulative  weight  losses, 
jpanel  ratings  and  operating  conditions  are  tabulated  in 
Appendix  A and  a plot  of  the  cumulative  weight  losses  for 
the  steel,  brass,  zinc  and  eadmltim  panels  comprises  Appendix 
B. 

Discussion 


The  steel  panels  lost  weight  at  a fairly  consistent 
rate,  while  the  brass  panels,  after  an  initial  loss  in  two 
cases,  gained  weight  steadily*  The  zinc  panels,  although  more 
irregular  in  their  day  to  day  weights,  showed  a net  loss  in 
weight,  whereas  the  cadmium  panels  attained  a practically 
steady  weight  after  the  first  24  hours  of  exposure  • The 
enameled  panels  and  the  sulfuric  acid  anodized  panelB  showed 
little  evidence  of  attack  after  the  200  hours.  The  chromic 
acid  anodized  aluminum  panels  showed  definite  evidence  of 


corrosion  after*  176  hours  exposure.  The  nickel  plated 
steel  panels  all  failed  after  one  hour  exposure,  three 
falling  after  one-half  hour.  The  phosphatod  steel  panels 
showed  no  evidence  of  rusting  after  one-half  hour,  but 
all  failed  before  one  hour  in  the  test  cabinet* 

Conclusions 

Thesw  data  collected  during  this  run  will  be 
used  as  a measure  of  t ho  corrosion  rate  at  100°F,  20% 
sodium  chloride,  pH  7.0. 
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TEST  NO.  7 


Object 


The  object  of  this  test  and  one  of  the  primary 
objects  of  this  investigation  is  to  determine  the  effect 
of  various  physical  operating  conditions  on  the  corrosion 
rates  of  various  materials  in  a salt  spray  cabinet. 

Introduction 


As  a basis  for  comparison  this  test  was  run  in 
accordance  with  Specification  ASTM  B117-49T  (similar  to 
QQ-M-151a)  for  temperature,  air  pressure  and  solution 
composition*  From  results  obtained  in  t:.is  test,  comparisons 
of  corrosion  resistance  can  bo  made  when  conditions  are 
varied. 

Conclusions 


The  test  panels,  In  general,  followed  the  expected 
pattern  of  salt  spray  resistance.  The  length  of  time  to 
failure  for  the  various  materials  will  te  used  as  a basis 
for  comparison  with  those  obtained  in  subsequent  tests. 

Procedure 


Thirty-six  panels,  four  each  of  nine  different 
materials,  were  used  in  tnis  test  as  summarized  below.  The 
same  number  and  types  of  panels  will  be  used  in  the  follow- 
ing tests: 


2x3"  Steel  panels  SAE  1030 
3x9"  Brass  panels  70$?  copper,  30£  zinc 
3x9"  Zinc  panels 
2x3"  Cadmium  panels 

3 x 10"  Aluminum  panels,  chromic  acid  anodized 

3 x 10n  Aluminum  panels,  sulfuric  acid  anodized 
2x3"  Phosphated  (manganese)  steel  panels 
3x8"  Nickel  plated  (.001  ) steel  panels 

4 x 10"  Steel  panels,  phosphated  and  then  coated 

with  two  coats  of  black  enamel  as  de- 
scribed in  Part  1 of  this  report. 


The  steel,  brass  and  zinc  panels  were  abraded  with  a 240-grit 
Aloxite  metal  cloth,  using  an  oscillating  electric  sander. 
They  were  then  cleaned  with  A-l  cleaner,  water-rinsed,  dried 
at  110°C,  cooled  and  weighed  to  the  nearest  tenth  of  a 
milligram. 


Difficulty  was  encountered  in  attempting  to 
abrade  the  cadmium  panels  due  to  the  t:oft  nature  of  the 
metal.  These  panels  were  dipped  in  a 2%  hydroohlorio  acid 


solution  at  room  temperature  for  five  minutes  and  water- 
rinsad  prior  to  weighing.  The  anodized  aluminum,  phosphated, 
nickel  plated  and  enameled  panels  were  placed  in  the  salt 
spray  box  without  any  additional  cleaning  operation. 

The  steel,  brass  and  zinc  panels  were  removed 
from  the  box  every  24  hours.  They  were  scrubbed  with  a 
stiff  nylon  bristle  brush  under  runniftg  water  until  no  more 
corrosion  product  could  be  removed  as  indicated  by  visual 
inspection.  They  were  then  dried  and  weighed  as  before. 

Previous  experience  has  shown  that  the  corrosion 
products  of  cadmium  adhere  tenaciously  to  the  metal  and  are 
not  really  soluble  in  water.  As  a result  of  tests  conducted 
and  elsewhere  described  in  this  report,  the  cadmium  panels 
were  ole&ned  by  immersion  in  a 2%  sodium  cyanide  solution 
for  five  minutes  at  room  temperature  followed  by  a water 
rinse. 

A visual  rating  system  was  employed  to  evaluate 
the  anodized  aluminum,  nickel  plated  steel,  phosphated  and 
enameled  panels  as  described  in  the  ASTM  article  - "A  Visual 
System  for  Rating  Panels." 

Observations  ware  made  on  the  phosphated  steel 
and  nickel  plated  panels  after  l/2,  1,  1-1/2  and  2 hours, 
and  all  panels  were  observed  every  24  hours.  The  observa- 
tions and  weight  losses  appear  in  Appendix  A. 

The  box  was  operated  at  95°P  and  a 20$S  salt  solu- 
tion was  used.  The  pH  of  the  solution  was  adjusted  to  7.0. 
The  operating  conditions  and  physical  values  mentioned  are 
also  summarized  in  Appendix  A. 

The  cumulative  weight  losses  were  calculated  and 
plots  of  these  values  versus  the  corresponding  days  are  in 
Appendix  B.  The  testa  were  limited  to  200  hours  duration 
since  the  data  required  for  evaluation  were  obtained  well 
within  tnis  time  limit. 

Discussion 

The  steel  panels  lost  weight  at  a fairly  oonstant 
rate.  The  values  diverged  in  increasing  amount  with  in- 
creasing time.  Variations  from  a constant  rate  of  corro- 
sion can  possibly  be  ascribed  to  Incomplete  removal  of 
oorroaion  products  on  Individual  day a. 


The  brass  panels  all  lost  weight  during  the 
first  24  hours  and  then  gained  steadily,  although  not  con- 
stantly for  the  remainder  of  the  test.  At  120  hours,  all 
the  panels  equalled  or  exceeded  the  original  weight  at  the 
start  of  the  test.  The  changes  In  wel$it  were  only  ap- 
proximately one-tenth  those  for  the  steel  panels,  although 
the  brass  panels  have  4-l/s  times  the  surface  area  of  the 
steel  panels. 

The  zinc  panels  lost  weight  at  a relatively 
steady  rate  and  were  heavily  streaked  with  white  corrosion 
products,  all  of  which  could  not  be  removed  by  scrubbing. 

The  enameled  panels  stood  up  well,  as  was  to  be 
expected.  Slight  rust  along  the  edges  and  a few  rust 
spots  were  noted  as  shown  In  detail  In  Appendix  A. 

The  phosphated  steel  panels  all  failed  at  the 
end  of  2 hours  - one  faLling  at  1 hour  and  two  at  1-1/2 
hours. 

Conclusions 

These  test  results  are  to  be  used  as  a standard 
for  comparison  when  deviations  from  standard  practice  are 
made. 


met  ! on  of  rating  panels* 


Hating  of  3”  x 10 11 
Anodt  zed 

Chromic  laid  and 
Aluminum  Panels 

Sulfuric  Acid 

Numerical 

Rating 

Corrosion 

Dots 

Corrosi  on 
Hpo  ts 

Corrosion 

Areas 

10 

Ho  corrosion 

No  corrosion 

No  corrosion 

9 

10 
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* 

5 

40 

20 

10  small  areas 

3 

80 

40 
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BO 

40  small  areas 

0 

C omple  t e C o rr o si on 

Rating 

of  4"  x 10 " Enameled 

Panels 

• 

10 

No  corrosion 

No  corrosion 

Nr 

> corrosion 

9 

15 

6 

3 

sm&ll 

rust 

areas 

7 

26 

13 
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small 

rust 

areas 

5 

53 

26 

13 

small 

rust 

areas 

3 

213 

106 

53 

small 

rust 

areas 

1 

426 

213 

106 

small 

rust 

areas 

0 

Complete  Corrosion 

Rating  of  3"  x 8"  Nickel-Plated  Steel  Panels 

1 rust  spot  in  24  square  inches  constitutes  failure* 

Rating  of  Phosphated  Steel  Panels 

First  sign  of  rust  constitutes  failure. 

*Based  on  HA  Visual  Rating  System  for  Rusted  Steel  Specimens"  by 
Harry  L.  Falgen.  Authorized  reprint  from  the  Copyrighted  ASTM 
Bulletin  No.  154  October,  1946. 
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The  object  of  this  Investigation  Is  to  develop 
an  effective  mothod  for  cleaning  cadral-an  test  panels  after 
their  exposure  In  the  salt  spray  test  cabinet. 

Summary 

Tests  hnvo  been  conducted  to  evaluate  the  effec- 
tiveness of  soaking  tlie  cadmium  panels  In  a dilute  cyanide 
solution  as  a method  for  the  removal  of  corrosion  products 
adhering  to  the  surface  of  the  panels. 

Introduction 


When  cadmium  panels  wore  exposed  in  the  salt  spray 
cabinet,  there  was  an  Initial  buildup  of  corrosion  products 
on  the  surface  as  Indicated  by  a sharp  gain  in  wolght  during 
the  first  24  hours  of  exposure.  After  that,  the  weights 
remained  practically  constant  on  successive  days  despite 
thorough  scrubbing  with  a stiff  nylon  bristle  brush  under 
running  water.  This  is  probably  due  to  the  formation  of 
a film  of  cadmium  oxide  on  the  surface  which  adheres  tena- 
ciously enough  so  that  it  caanot  be  removed  by  scrubbing. 

A dilute  solution  of  sodium  cyanide  was  used  to  dissolve  the 
coating,  and  results  of  an  Invostlgnt ' on  of  this  method  are 
summarized  below. 

Procedure 

Pour  cadmium  panels  were  cleaned  in  5#  hydro- 
chloric acid  for  5 minutes,  rinsed  under  running  water, 
dried  In  a forced  air  oven  at  110°C,  cooked,  and  weighed 
to  the  nearest  tenth  of  a milligram.  They  were  exposed  to 
laboratory  air  for  24  hours  and  then  Immersed  in  a 2 % 
solution  of  sodium  cyanide  for  5 minutes,  rinsed  with  running 
water  and  dried  as  before.  This  process  of  exposure  and 
cyanide  cleaning  was  repeated  over  a period  of  12  days.  A 
summary  of  the  Individual  day  to  day  changes- in  weight  along 
with  the  average  and  standard  deviation  is  attached. 

Discussion 

From  the  data  in  the  summary,  the  weight  losses 
incurred  appear  to  be  insignificant  especially  when  com- 
pared with  the  results  obtained  with  cadmium  panels  and 
exposure  to  salt  spray  as  shown  ir.  the  salt  spray  tests, 
starting  with  Test  No.  7. 

Conclusion 

The  method  of  cleaning  the  cadmium  panels  as 
outlined  appears  to  be  satisfactory  and  has  been  adopted 
as  a routine  procedure. 
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TEST  NO.  6 


Object 


The  object  of  this  test  is  to  determine  the  cor- 
rosive effects  of  a 20/.  sodl’^n  chloride  solution,  pH  7.0 
at  70°F  on  the  nine  materials  described  in  Test  No.  7. 

Summary 


A test  has  been  conducted  for  a period  of  150 
hours  in  the  salt  spray  test  cabinet  to  determine  the  ef- 
fect of  decreasing  the  temperature  25°F  below  the  standard 
value  of  95 °F.  The  concentration  of  the  salt  solution  and 
its  pH  as  well  as  the  operating  conditions  of  the  box  wore 
maintained  the  same  as  in  Test  No.  7. 


Introduction 


70°F  approximates  room  temperature  and,  therefore, 
the  lowest  conveniently  obtained  temperature  for  the  opera- 
tion of  a salt  spray  test  cabinet.  Corrosion  rates  at  this 
temperature  obtained  in  tnls  test  will  be  compared  to  those 
at  elevated  temperatures. 

Procedure 


A procedur  similar  to  that  described  in  Test  No.  7 
was  followed.  The  test  was  limited  to  150  hours,  using  a 
20%  sodium  chloride  solution  at  pH  7.0.  The  cumulative  weight 
losses,  panel  ratings  and  operating  conditions  are  tabulated 
in  Appendix  A,  and  a plot  of  the  cumulative  weight  losses  for 
the  steel,  brass,  zinc  and  cadmium  panels  comprises  Appendix 
B. 

Discussion 

The  steel  panels  lost  weight  consistently.  It  is 
interesting  to  note  that  in  Tests  6,  7 and  8,  the  order  in 
which  the  panels  lost  weight  (2,  3,  4,  1)  is  the  same. 

This  is  probably  due  to  their  position  in  the  box.  (See 
plot  of  positions  given  in  Appendix  B of  Test  No.  1) 

The  brass  panels  lost  weight  during  the  first  24 
hours  and  then  gained  as  has  Deen  previously  experienced. 

The  zinc  panels,  however,  showed  a slight  increase  in 
weight  compared  with  a marked  decline  experienced  at  the 
higher  temperature. 


The  cadmium  panels  lost  consistently  and  their 
weight  losses  were  grouped  closol.;  together. 

The  enameled  panels  showed  little  evidence  of 
corrosion  at  the  end  of  the  150  hours. 

Trie  chromic  acid  anodized  aluminum  panels  proved 
superior  to  those  prepared  by  the  sulfuric  acid  process, 
although  t e difference  not  as  great  a3  had  been  ex- 
perienced at  higher  temperatures. 

The  nickel  plated  specimens  all  failed  before  24 
hours  exposure,  and  the  phosphatnd  steel  panels  failed  be- 
fore 2 hours. 

Conclusions 

These  data  constitute  a measure  of  the  corrosion 
rate  at  70°F,  20$  sodium  chloride,  pH  7.0.  The  results  will 
be  used  to  determine  the  effect  of  concentration  of  salt 
solution  and  temperature  on  the  corrosion  rate. 
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At  the  suggestion  of  Arthur  'lavarella  of 
Springfield  Armory,  we  are  going  to  add  oxidized  steel 
panels,  prepared  by  Pentrating,  to  the  series  of  speci- 
mens being  tested  in  the  salt  spray  cabinet*  This  is 
to  be  done  bocause  f the  considerable  use  of  oxidized 
steel  for  Ordnance. 

Since  the  salt  spray  cabinet  is  being  run  on  a 
total  of  thirty-six  panels,  and  because  the  box  has  al 
ready  been  calibrated,  using  tnlrty-six  panels  with  a 
random  distribution  which  has  not  been  changed,  it 
seems  desirable  to  eliminate  one  set  of  specimens. 

As  the  tests  on  the  baked  enamel  panels  are  not  sig- 
nificant In  a 200 -hr . test  period,  further  test  work 
on  enameled  panels  is  to  be  eliminated. 


TKST  NO  * 9 


Object 


The  object  of  this  tost  Is  to  determine  the  corrosive 
effects  of  a 20$  sodium  chloride  solution*  pH  7.0  at  90°F,  on 
the  nine  materials  described  in  Test  No*  7.' 

Summary 


A test  has  been  conducted  for  a period  of  150  hours 
in  the  salt  spray  test  cabinet  to  determine  the  effect  of  de- 
creasing the  temperature  5°F  below  the  standard  value  of  95°F. 

The  concen tration  of  the  salt  solution  and  Its  pH  as  well  as 
the  operating  conditions  of  the  box  were  maintained  the  same 
as  in  Test  No.  7. 

Introduction 

This  test,  the  fourth  of  the  aeries,  will  be  used 
along  with  the  data  from  Tests  Nos.  6,  7 and  8 to  determine 
the  effect  of  temperature  variation  on  the  rate  of  corrosion 
in  a salt  spray  cabinet. 

Procedure 

A procedure  similar- to  that  outlined  in  Test  No.  7 
was  followed  and  the  test  was  run  at  90°F  with  20$  sodium 
chloride  soldtio n,  pH  7.0,  for  152  hours.  The  cumulative 
weight  losses,  panel  ratings  and  operating  conditions  are 
tabulated  In  Appendix  A and  a plot  of  the  cumulative  weight 
losses  for  the  steel,  brass,- zinc  and  cadmium  panels  comprise 
Appendix  B* 

Discussion 

The  steel  panels  lost  weight  at  a fairly  consistent 
rate  and  the  final  order  of  their  losses  was  the  same  as  was 
previously  experienced  (l.e.  2,  3,  4*  1). 

The  brass  panels*  after  an  Initial  loss*  gained 
weight  but  only  two  panels  exceeded  their  original  weight 
in  contrast  to  tho  more  general  case  where  all  the  final 
weights  exceed  the  original  weights. 

After  some  Initial  irregularities,  the  zinc  panels  lost 
weight  steadily. 

The  cadmium  panels  lost  constantly,  and  their  weight 
losses  were  well  grouped  together. 


The  pentrated  steel  panels  all  failed  before 
1-1/2  hours,  two  failing  before  1 hour* 

The  sulphuric  acid  anodized  aluminum  panels  all 
failed  oelore  22  hours,  while  the  aluminum,  panels  anodized 
by  the  chromic  acid  process  failed  before  129  hours  ex- 
posure • ‘ . 

The  nickel  panels  all  failed  before  1 hour,  two 
failing  before  l/2-hour* 

The  phosphate d panels  all  failed  before  2 hours 
exposure  in  the  salt  spray  cabinet* 

Conclusions 

The  data  obtained  in  this  run  will  be  used  In  con- 
junction with  those  obtained  on  the  three  previous  tests  to 
determine  the  effect  of  temperature  on  the  corrosion  rate  in 
the  salt  spray  cabinet* 


TEST  NO,  10 


Object 

The  object  of  this  test  Is  to  determine  the  corro- 
sive effects  of  a 10 % sodium  chloride  solution,  pH  7*0  at 
95 °F  on  steel,  brass,  zinc,  cadmium,  pentrated  steel,  chromic 
and  sulphuric  acid  anodized  aluminum,  nickel  plated  steel 
and  phosphated  steel  panels. 

Summary 

A test  has  been  conducted  for  a period  of  150  hours 
in  the  salt  spray  test  cabinet  to  determine  the  effect  of 
decreasing  the  concentrati  on  of  salt  in  the  salt  spray  solu- 
tion from  20%  to  10%.  The  temperature  and  pH  of  the  solution 
were  maintained  the  same  as  in  Test  No.  7. 

Introd  uc  tl  on 

In  any  chemical  or  electrochemical  reaction,  the 
concentration  of  the  reactants  or  electrolyte  is  of  obvious 
importance . The  concentration  of  salt  in  the  salt  solution 
used  in  tni  s type  of  testing  should,  therefore,  have  a 
direct  effect  on  the  rate  of  corrosion.  In  this  test  and 
in  Test  No.  11,  the  concentrat ion  of  salt  will  be  reduced 
and  its  effect  on  the  corrosion  rate  observed. 

Procedure 


A procedure  similar  to  that  described  in  Test  No.  7 
was  followed.  The  test  was  run  for  150  hours,  using  a 10$ 
sodium  chloride  solution  at  pH  7.0.  The  cumulative  weight 
losses,  panel  ratings  and  operating  conditions  are  tabulated 
in  Appendix  A,  and  a plot  of  the  cumulative  weight  losses 
for  the  steel,  brass,  zinc  and  cadmium  panels  comprises 
Appendix  £• 

Discussion 

The  steel  panels  lost  weight  steadily  and  the 
brass  panels,  after  initial  losses,  exceeded  their  original 
weight  in  three  out  of  four  cases. 

The  sine  and  cadmium  panels  both  lost  weight 
in  a manner  similar  to  that  previously  experienced. 

Three  of  the  pentrated  steel  panels  failed  before 
l/2-hour  exposure,  the  other  failing  before  1 hour. 


The  aluminum  panels  anodized  by  the  sulphuric 
acid  process  held  up  better  than  those  prepared  by  the 
chromic  acid  process.  The  sulfuric  acid  anodized  panels 
were  little  affected  at  the  end  of  150  hours  exposure 
while  three  of  the  chromic  acid  anodized  panels  failed  be- 
fore 132  hours. 

The  nickel  elated  steel  panels  all  failed  before 
24  hours  exposure  and' the  phosphated  steol  panels  all  failed 
before  1 hour. 

Conclusions 

These  data  form  a measure  of  the  corrosion  rate  at 
95°F#  using  a 10%  sodium  chloride  solution,  pH  7.0.  They 
will  be  used  in  conjunction  with  Tests  Mo.  7 and  No.  11  to 
determine  the  effect  of  salt  concentrat'on  on  the  rate  of  cor- 
rosion. 
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TfSST  NO.  IX 


The  object  of  this  test  is  to  determine  the  corro- 
sive effects  of  a h%  sodium  chloride  solution,  pH  7.0  at  95°F, 
on  the  nine  materials  listed  in  Test  No.  10. 

Summary 

A test  has  been  conducted  for  a period  of  150  hours  ^ 
in  the  salt  spray  test  cabinet  to  determine  the  effect  of  de- 
creasing the  concentration  of  salt  in  the  solution  from  20>i 
to  5i&.  The  temperature  and  pH  were  maintained  the  sane  as  in 
Test  No.  7. 

Introduction 

This  test  represents  the  lowest  limit  of  salt  con- 
centration and  will  be  used  in  conjunction  with  Tests  No.  7 
and  No.  10  to  determine  the  effect  of  concentration  of  salt  In 
the  solution  on  the  rate  of  corrosion  in  the  salt  spray  test 
cabinet. 


Procedure 

A procedure  similar  to  teat  described  in  Test  No*  7 
was  followed.  The  test  was  run  for  150  hours , using  a h%  sodium 
chloride  solution  at  pH  7.0.  The  cumulative  weight  losses, 
panel  ratings  and  operating  conditions  are  tabulated  in  Ao- 
pendix  A and  a plot  of  the  cumulative  weight  losses  for  the 
steel,  brass,  zinc  and  cadmium  panels  comprises  Appendix  B. 

Discussion 

The  steel  panels  lost  weight  'at  a fairly  steady 
rate  with  Panel  No.  I still  showing  the  greatest  loss  that 
has  been  experienced  on  all  previous  tests  of  this  type. 

The  brass  panels  showed  no  initial  loss  and  gained 
weight  steadily,  while  the  zinc  and  cadmium  panels  lost  in 
the  previously  experienced  manner. 

The  pent rated  steel  panels  all  snowed  rust  at  the 
end  of  1/2 -hour’s  exposure. 

The  aluminum  panels  anodized  by  the  sulphuric  acid 
process  showed  a superiority  over  those  prepared  by  the 
chromic  acid  process.  Three  of  the  sulphuric  acid  anodized 
panels  showed  no  signs  of  corrosion  after  150  hours  exposure , 
while  all  of  the  chromic  acid  'anodized  panels  showed  evidence 
of  attack  after  110  hours. 


The  nickel  plated  steel  panels  all  failed  before 
?A  hours  exposure,  and  the  r hosphated  steel  panels  all  failed 
before  2 hours . 

Conclusions 

These  data  constitute  a measure  of  the  corrosion 
rate  at  95°F.  5/  sodium  chloride,  oH  7. 0 • These  r suits  will 
b©  used  to  determine  the  effect  of  concentration  of  salt  in 
the  solution  :>n  the  rate  of  salt  spray  corrosion.  * 
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TRST  NO.  12 


The  object  of  this  t'ist  Is  to' determine  the  cor- 
rosive effects  of  a b%  sodium  chloride  solution,  pH  7.0  at 
70°P  on  the  va  lous  types  of  panels  used  In  this  series  of 
tests. 


A test  has  been  condo ’ted  in  the  salt  spray  test 
cabinet  at  70°F,  using  a 5^  sodium  chloride  solution,  pH 
7.0. 

Introduction 


The  Information  collected  in  this  test,  the  last 
of  a series,  will  be  used  together  with  the  results  from 
Tests  6 through  11  to  determine  the  effect  of  concentration 
of  salt  solution  and  temperature  of  operation  on  the  cor- 
rosion rate.  This  test  represents  the  lower  limits  of 
temperature  and  concentration  that  will  be  used  for  com- 
parison. 

Procedure 

A procedure  similar  to  that  described  In  Test 
No.  7 was  followed.  The  test  was  run  for  150  hours,  using 
a sodium  chloride  solution  at  pH  7,0.  The  temperature  of 
the  box  was  maintained  at  70°F.  The  cumulative  weight  losses, 
panel  ratings  and  operating  conditions  are  tabulated  in 
Appendix  A and  a plot  of  the  cumulative  weight  losses  for 
the  steel,  brass,  zlno  and  cadmiun  panels  comprises  Appendix 
B. 

Discus si on 

The  steel  panels  lost  weight  at  a reasonably 
steady  rate  and  the  order  of  their  weight  losses  was  the 
same  as  has  been  prevl  oualy  experienced. 

The  brass  panels  showed  no  initial  loss  in  weight 
an<i  with  minor  variations,  gain  weight  consistently. 

The  sine  panels  did  riot  show  their  usual  steady 
loss  in  welgit , but  instead,  after  initial  losses,  tended 
to  approach  a steady  weight  value# 


The  cadmium  panels  lost  weight  at  a consistent 
rate,  and  the  values  were  closely  grouped  as  usual. 

The  pentrated  panels  all  failed  before  1 hour* a 
exposure,  while  both  the  sulfuric  acid  and  chromic  acid 
anodized  aluminum  panels  showed  very  little  evidence  of 
attack  at  the  end  of  the  test  period  of  150  hours. 

The  nickel  plated  steel  panels  all  failed  before 
24  hours,  and  the  phoaphated  panels  failed  before  2 hours. 

Conclusions 

These  data  constitute  a measure  of  the  corrosion 
rate  at  70°F,  using  salt,  pH  7*0.  The  information  will 
be  used  in  comparisons  with  previous  tests  to  determine  the 
effect  of  temperature  and  concentration  on  the  corrosion 
rate. 
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TEST  NO.  13 


Object 

The  object  of  tais  test  is  to  determine  the  cor- 
rosive effects  of  a 20$  sodium  cnloride  solution,  pH  6.0 
at  95 °F,  on  the  various  types  of  panels  ttsetd  in  the  pre- 
vious tests# 

Summary 

A tent  has  been  conducted  in  the  salt  spray 
cabinet  at  95  °F,  using  a 20$  salt  solution  with  a pH  of  6.0 
as  compared  with  7.0  used  heretofore. 

Introduction 

Ihe  pH  and  hence  the  acidity  or  alkalinity  of  the 
salt  spray  solution  should  have  a direct  bearing  on  the  rate 
of  corrosion  in  the  test  cabinet#  Tills  test  at  pH  6.0,  to- 
gether with  the  data  to  be  obtained  In  Test  No#  14  at  pH  8.0, 
will  be  used  In  comparison  with  Test  No.  7 to  determine  the 
effect  of  pH  on  the  corrosion  rate. 

Procedure 

A procedure  similar  to  that  described  in  Teat  No.  7 
was  followed.  The  test  was  run  for  150  hours,  using  a 20$ 
sodium  chloride  solution  at  pH  6.0.  The  temperature  of  the 
box  was  maintained  at  95°F.  The  cumulative  weight  losses, 
panel  ratings  and  a summary  of  the  operating  conditions  are 
tabulated  in  Ap  endix  A,  and  a plot  of  the  cumulative  weight 
losses  for  the  steel,  brass,  zinc  and  cadmiur  panels  com- 
prises Appendix  B* 

Pi  a cuasi on 

The  steel  panels  lost  at  a reasonably  consistent 
rate,  while  the  brass  panels  showed  wide  variations  and  un- 
| usually  high  gains  in  weight. 

The  zinc  panels  lost  at  a fairly  steady  rate,  the 
weight  losses  being  greater  than  those  usually  experienced. 

The  cadmium  panels  lost  weight  at  an  even  rate  in 
a manner  similar  to  that  previously  experienced. 

The  pentrated  panels  all  failed  before  one-half 
hour's  exposure. 


The  chromic  acid  anodized  aluminum  panels  proved 
superior  to  those  prepared  by  the  sulfuric  acid  process*  All 
the  sulfuric  acid  panels  s sowed  si (tns  of  attack  at  24  hours, 
while  no  appreciable  signs  of  corrosion  appeared  on  the 
chromic  acid  panels  until  88  hours* 

The  ni'kel  plated  3teel  panels  all  failed  before 
2 hours,  and  the  phosphated  steel  panels  all  failed  before 
i-l/2  hours. 

Conclusions  • 


The  data  collated  in  t is  run  constitute  a 
measure  of  the  corrosion  rate  at  95°F  with  20,  salt  solution, 
pH  6.0,  and  will  be  used  to  defcjrmine  the  effect  of  pH 
variation  on  the  rate  of  corrosion  in  the  salt  spray  cabinet. 
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TEST  NO*  14 


determine  the  cor- 
solutlon,  pH  8.0 
used  in  previous 


Summary 


A toot  has  been  c undue  ted  in  the  salt  spray 
cabinet  at  95°P,  using  a 80  sodium  chloride  solution  ad- 
justed to  pH  8.0. 

Introduction 

This  test , the  third  of  a series,  will  be  used 
to  supply  additional  information  as  to  the  effect  of  a 
change  in  pH  on  the  rate  of  corrosion. 

Procedure 

A.  procedure  similar  to  that  described  in  Test 
No*  7 was  followed.  The  test  was  run  for  150  hours,  using 
a 20%  sodium  chloride  solution  adjusted  to  pH  8*0.  The 
temperature  of  the  bo>  was  maintained  at  95°F.  The  cumu- 
lative weight  losses,  panel  ratings  and  a summary  of  the 
operating  conditions  are  tabulated  in  Appendix  A,  and  a 
plot  of  .the  cumulative  weight  losses  for  the  steel,  brass, 
zinc  and  cadmium  panels  comprises  Appendix  B. 

Discussion 


The  steel  panels  lost  weight  steadily  and  in  about 
the  manner  usually  experienced.  The  brass  panels,  after  4n 
initial  loss,  gained  weight  although  the  time  necessary  to 
( exceed  their  original  weight  varied  widely. 

The  zinc  panels  showed  high  weight  losses  when 
compared  with  the  values  usually  obtained.  The  cadmium  panels 
lost  weight,  although  the  rate  was  not  as  constant  as  usual. 

The  pentrated  steel  panels  all  failed  before  1/2 
hour,  wide  variations  were  axparienoed  in  the  time  for 
failure  of  the  anodized  aluminum  panels;  two  of  tuose  pre- 
pared by  the  sulfuric  acid  process  failing  before  24  hours 
exposure.  The  chromic  acid  anodized  aluminum  panels  failed' 
in  between  66  to  110  hours  exposure. 


The  nickel  plated  steel  panels  all  failed  before 
2 hours  as  did  the  phosphated  steel  panels. 

Conclusions 

The  values  collected  in  this  test  will  be  used 
as  a measure  of  the  corrosion  rate  at  95°F,  using  a 20%' 
salt  solution,  pH  R.O,  and  will  be  used  in  comparison  with 
the  results  from  Tests  No.  12  and  No.  7 to  determine  the 
effect  of  pH  on  the  corrosion  rate. 
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TEST  NO.  15 


Object 

The  object  of  tills  test  Is  to  "determine  the  cor- 
rosive effects  of  a spray  of  substitute  ocean  water  at  95°P 
on  the  various  types  of  panels  used  In  this  series  of 
tests . 

* 

Summary 

A test  has  been  conducted  In  the  salt  spray 
cabinet  at  95°F,  using  substitute  ocean  water  at  pH  8.2. 

Introduction 

One  of  the  purposes  of  the  salt  sp  ray  test  is  to 
simulate,  under  accelerated  conditions,  the  effects  of 
natural  outdoor  corrosion  and,  more  particularly,  the  cor- 
rosive effects  of  a marine  atmosphere.  There  have  been 
questions  raised  as  to  whether  the  salt  spray  teat  measures 
the  resistance  to  marine  atmospheric  corrosion.  A spray 
of  substitute  ocean  water  has  been  suggested  as  a better 
simulation  of  the  actual  c>ndltlons  of  exposure.  The 
results  of  fcnls  test  and  of  Test  No,  7 will  be  compared 
and  these  In  turn  compared  to  results  obtained  from  actual 
exposure  tests  made  In  a marine  atmosphere.  4 

Procedure 

A procedure  similar  to  that  outlined  in  Test 
No.  7 was  followed.  The  substitute  ocean  water  was  pre- 
pared in  accordance  with  direct' ons  included  In  our  first 
report.  The  heavy  metals  mentioned  were  added.  The  test 
was  run  for  150  hours  at  95°F.  The  cumulative  weight 
losses,  panel  retings  and  a summary  of  the  operating  condi- 
tions appear  in  Appendix  A.  A plot  of  the  cumulative 
weigjtit  losses  for  the  steel,  brass,  zinc  and  cadmium 
panels  comprises  Opened. x E. 

Discussion 

The  steel  panels  lost  weight  at  a fairly  con- 
sistent rate  while  the  brass  panels  showed  no  initial  loss, 
but  gained  weight  steadily. 

The  alnc  panels  showed  a very  slight  Increase 
in  weight  as  compared  with  the  usual  losses  in  weight. 

The  cadmium  panels  lost  weight  steadily,  but  the 
losses  were  not  as  great  as  usual. 


The  pentrated  panels  all  failed  before  1 hour’s 
exposure*  Meitner  the  chromic  acid  nor  the  sulfuric  acid 
anodized  aluminum  panels  snowoa  any  signs  of  failure  at 
the  end  of  the  test  period  of  150  hours* 

The  nickel  plated  steel  panels  all  .failed  before 
2 hour’s  exposure,  and  the  phosphated  steel  'panels  all 
failed  before  1 hour’s  exposure* 

Conclusions 


The  Information  obtained  from  this  test  will  be 
used  as  a measure  of  the  corrosive  affects  of  a spray  of 
substitute  ocean  water*  These  results  will  be  compared  with 
salt  spray  and  marine  atmosphere  corrosion  rates* 


mt  Vfc  IDCD  i'Jl  110A* 


T£hf  NO.  16 


The  object  of  this  tost  Is  to  determine  the 
effect  of  the  presence  of  Iodide  Ions  In  appreciable 
quantity  in  the  salt  solution  used  to  generate  the  fog 
in  salt  spray  testing* 


A test  das  been  run  at  95  °F  In  the  salt  spray 
test  cabinet  using  a 20%  sodium  chloride  solution,  pH  7*0, 
with  a 0*1%  addition  of  iodide  ion  In  the  form  of  sodium 
iodide*  Conditions  of  operation  and  types  of  panels  ex- 
posed wore  the  same  as  previously  described,  the  only 
difference  being  the  addition  of  Iodide  Ion* 

Introduction 

Specifications  detailing  the  procedure  for  salt 
spray  testing  require  the  use  of  iodide-free  salt*  The 
effect  of  another  halogen  Ion  besides  chlorine  on  the  rate 
of  corrosion  should  therefore  be  determined  from  the 
standpoint  of  possible  substitution  of  commercial  grades 
of  plain  or  Iodized  salt.  Results  of  tills  test  will  be 
used  in  comparison  with  those  under  the  sane  operating 
conditions,  using  C*F*  20%  sodium  chloride  solution* 

Procedure 

A procedure  similar  to  that  outlined  In  Test  To. 
7 was  followed*  The  test  was  run  for  a period  of  150 
hours,  using  a solution  composed  of  20%  sodium  chloride 
and  0.\%  sodium  Iodide  In  distilled  water,  the  pH  being 
adjusted  to  7.0*  A summary  of  the  operating  conditions, 
cumulative  weight  losses  and  panel  ratings  are  shown  In 
Appendix  A,  while  a plot  of  the  cumulative  wei^it  losses 
of  the  steel,  brass,  zinc  and  cadmium  panels  comprises 
Appendix  B# 

Discussion 

The  steel  panels  lost  ?/elght  at  a fairly  steady 
rate  and  no  change  was  noted  in  the  order  of  the  rate  of 
corrodibility  with  box  position  (i.e*,  2,  3,  4,  1).  The 
brass  panels,  after  initial  losses,  gained  weight  in  the 
manner  usually  experienced* 


The  zinc  panels  and  cadmium  panels  showed  steady 
losses  of  a magnitude  greater  than  that  generally  experi- 
enced. 

The  centra  ted  steel  panels  all’ failed  before 
1/2  hour's  exr-orure  , while  the  aluminum  panels*  anodised 
by  bo  tin  the  chromic  and  sulphuric  acid  processes*  showed 
varied  results  with  little  possibility  of  comparison. 

The  nickel  plated  steel  all  failed  in  between 
1-1/2  and  2 hours  exposure. 

Three  of  the  phosphated  steel  panels  failed  be- 
fore 1 hour’s  exposure*  while  the  other  failed  before  2 
hours  • 

Conclusion 

These  data  constitute  a measure  of  the  corrosion 
rate  with  a 0*1/  addition  of  sodium  iodide,  and  will  be 
used  in  comparison  with  the  results  from  Test  No*  7 to 
determine  the  effect  of  iodide  ion  on  the  rate  of  corrosion. 


TKST  HO.  17 


Object 

* The  object  of  t is  test  Is  to  determine  the 

effect  of  reducing  fee  size  of  the  salt. spray  fog  particles 
on  the  rate  of  corrosion  in  the  salt  spray  test  cabinet* 

Summary 

A test  has  been  conducted  at  98°F  using  a 20$ 
salt  solution,  pH  7.0,  and  a modified  atomizing  nozzle  ao 
as  to  produce  a fog  of  substantially  reduced  particle  size. 
The  same  operating  conditions  and  types  of  panels  were  used 
as  have  been  employed  in  the  previous  tests,  the  only 
variable  from  standard  conditions  being  the  particle  size. 

Introduction 

The  particle  size,  although  not  directly  specified 
in  the  description  of  standard  salt  spray  test  requirements, 
directly  affects  the  wetness  and  density  of  the  fog  produced 
and,  therefore,  should  have  some  bearing  on  the  rate  of 
corrosion.  This  test,  made  with  a fog  of  reduced  particle 
size,  will  be  used  In  comparison  with  Test  No.  7 which  re- 
presents the  samo  conditions  with  the  exception  of  a larger 
particle  size. 

Procedure 

A procedure  similar  to  that  outlined  in  Test  No*  7 
was  followed.  The  change  in  particle  size  was  brought 
about  by  a slight  increase  in  diameter  of  the  hole  feeding 
fee  salt  solution  into  fee  air  jets.  The  teat  was  conducted 
for  a period  of  150  hours  at  95*F,  using  a 20$  sodium 
chloride  solution,  pH  7.0.  A summary  of  the  operating  con- 
ditions, cumulative  weight  losses  and  panel  ratings  com- 
prises Appendix  A while  a plot  of  the  cumulative  weight 
losses  for  the  steel,  brass,  zinc  and  cadmium  panels  is 
found  in  Appendix  B* 

Discussion 

The  steel  panels  lost  weight  !n  accordance  with 
their  usual  pattern.  The  brass  panels,  after  initial 
losses,  gained  weight  steadily  and  in  ev>ry  case  exceeded 
their  original  weight  before  the  end  of  the  test. 

The  zinc  panels  lost  weight  from  the  beginning 
of  the  test,  and  the  cadmium  panels  showed  very  steady 
and  closely  grouped  weight  losses. 


Three  of  the  pentrated  steel  panels  failed  before 
1/2  hour,  while  the  fourth  failed  before  1-1/2  hours. 

Anodized  aluminum  panels  prepared  by  the  chromic 
acid  process  showed  superiority  over  those  prepared  by  the 
sulphuric  acid  rocessf  three  of  these  falling  before  24 
hours  exp  or  ure  . 

Tne  nickel  plated  steel  panels  all'  failed  before 
24  hours  exposure,  and  tne  phot pha ted  steel  panels  all 
failed  before  1-1/2  hours  exposure. 

Conclusions 

These  data  constitute  a measure  of  the  corrosion 
rate  at  standard  conditions  with  a reduced  particle  size, 
and  will  be  used  in  comparison  with  Test  ho.  7 to  determine 
the  effect  of  particle  sl?,e  on  the  rate  of  corrosion. 


TEST  NO.  18 


The  object  of  fcni a test  la  to  determine  the  effect 
of  a fog  formed  by  spraying  distilled  water  on  the  nine 
types  of  material  previ  usly  used  In  the  foregoing  series 
of  salt  spray  tests. 

Summary 

A test  has  been  conducted  at  95°F  In  the  salt 
spray  test  cabinet  for  a period  of  150  hours  using,  as  the 
test  solution,  dr  stilled  water  adjusted  to  pH  7,0. 


A spray  of  distilled  water  has  been  suggested  as 
a possible  substitute  for  salt  spray  in  accelerated  corro- 
sion testing.  This  test,  using  distilled  water,  will  be  used 
as  a measure  of  the  effectiveness  of  this  method  and  will 
also  be  used  in  comparison  with  the  results  obtained  from 
salt  spray,  humidity,  and  outdoor  exposure  testa. 

Procedure 

The  salt  spray  test  cabinet  was  thoroughly  cleaned 
with  water  to  remove  the  salt  adhering  to  the  box,  and  was 
repeatedly  rinsed  wita  city  water  until  rinsings  showed  only 
a very  slight  haze  when  tested  with  0.14  N silver  nitrate 
solution.  The  box  was  then  operated  with  a distilled  water 
spray  for  24  hours  and  drained  before  the  test  panels  were 
put  in.  The  test  panels  were  prepared  and  evaluated  in  the 
manner  described  in  Test  No.  7.  The  test  was  run  for  a 
period  of  150  hours,  using  distilled  water  with  the  pH  ad- 
justed to  7.0.  A summary  of  the  operating  conditions, 
cumulative  weight  losses  and  panel  ratings  is  shown  in 
Appendix  A while  a plot  of  the  cumulative  weigit  losses 
for  the  steel,  brass,  zinc  and  cadmium  panels  comprises 
Appendix  B. 

Discussion 

The  steel  panels  lost  weight  at  every  Inspection, 
but  the  rate  of  loss  was  not  as  steady  as  has  been  experi- 
enced with  salt  aolution. 

The  brass  panels  snowed  little  or  no  initial  loss, 
and  their  weight  gains  were  extremely  low  and  erratic. 


The  zinc  panels  lost  weight  after  24  hours  ex- 
posure, and  the  cadmium  panels  lost  weight  at  a steady 
rate  and  In  a closely  grouped  pattern. 

The  pentrated  stsel  panels  all  failed  before 
2 hours  exposure,  wi.lle  neither  the  sulphuric  nor  the 
chromic  acid  anodized  aluminum  panels  showed  any  evidence 
of  attack  after  the  150-hour  test  period. 

The  nickel  plated  steel  panels  all  failed  before 
24  hours  exposure  and  the  phoaphated  steel  oanels  all 
failed  before  2 hours  ex  osure. 

Conclusion 

These  data  constitute  a measure  of  the  corrosive 
effects  of  a spray  of  distilled  water  and  will  be  evaluated 
by  comparison  with  results  obtained  from  salt  spray, 
humidity  and  outdoor  city  and  marine  exposure  tests. 


The  cadbnlum  panels  lost  weight  steadily* 

'The  pentrated  steel  panels  all  failed  before 

1 hour* r exposure* 

The  chronic  acid  anodised  alural nvm  canels 
zjtov*j&  superior  to  tnose  ur  pared  by  tne  sulphuric  acid 
process* 

The  nickel  plated  steel  panels  all  failed  be- 
fore 24  hours  exposure  and  oho  cohated  steel  panels  tefose 

2 hours. 


Conclusions 

Tht:sv  data  constitute  a i^aaure  of  the  corrosion 
rate  at  95  °F,  usln^:  a SS>£  so iiusr  chloride  solution,  off 
7.0,  and  will  be  used  in  comparison  with  Test  IS o*  r*  to 
determine  the  reproducibility  of  one  particular  salt  spray 
test* 


TEST  1? 


TEST  HO.  20 


Object 


The  object  of  thie  teat  la  to  determine  the  effeot 
of  the  angle  of  expoaure  In  a e&lt  spray  teat  on  the  rate 
of  corroalon. 

Summary 


A teat  haa  been  run  at  95°F  with  20%  aodlum  chloride 
solution,  pH  7.0,  and  steel  panela.  The  panels  were  held  at 
every  10  degrees  of  rotation  through  a full  circle,  only  one 
side  being  exposed  to  the  salt  apray.  In  addition,  panels 
were  exposed  at  15°  from  the  vertloal. 

Introduction 


What  constitutes  a significant  surface  In  salt 
spray  testing  has  been  variously  described  and,  In  some 
cases,  reference  Is  made  to  a certain  angle  of  exposure 
(e.g.  15°  from  vertloal  for  phosphate  finishes  and  6°  for 
anodized  aluminum).  This  test,  then.  Is  an  attempt  to 
measure  the  dependency  of  the  rate  of  corrosion  on  the 
angle  of  exposure  and  also  the  effect  of  the  direction  of 
the  flow  of  fog  on  the  rate  of  corroalon. 

Procedure 


Forty  2"  x 3"  low  carbon  eteel  panels  were 
abraded  with  a 240  grit  Aloxite  cloth,  and  one  aide  of  eaoh 
panel  oovered  with  Scotch  brand  No.  33  electrical  tape  to 
protect  from  oorroslon.  The  panela  were  then  cleaned  In 
A-l  cleaner  solution,  water  rinsed,  dried  and  weighed  to 
the  nearest  tenth  of  a milligram.  Twenty  polystyrene  holders 
were  made,  each  with  two  milled  slots  at  the  desired  angle 
of  exposure.  Two  panels  were  placed  back  to  back  with  the 
unprotected  sides  out  In  each  rack.  A photograph  of  the 
assembled  holders  with  and  without  the  panels  Is  shown  In 
Appendix  C. 

Panel#  were  held  In  such  a manner  as  to  expose 
one  panel  at  every  10°  of  rotation  through  a full  circle. 
Additional  holders  were  used  to  expose  panels  at  15°  from 
the  vertical.  Panels  were  so  placed  that  the  axis  around 
which  the  panels  were  rotated  was  at  right  angles  to  the 
direction  of  the  prlnolpal  flow  of  fog  In  the  box.  The 
panels  were  placed  in  the  box  so  that  no  one  holder 
shielded  another  and  each  was  exposed  directly  to  the  fog. 

A summary  of  the  operating  conditions  appears  In  Appendix 
A. 


The  test  was  run  for  a period  of  24  hours , after 
which  the  panels  were  removed  from  the  box,  scrubbed  with  a 
nylon  bristle  brush  under  running  water,  dried  and  rewelghed 
to  the  nearest  tenth  of  a milligram. 

r 

Weight  losses  were  then  computed  and  are  shown  In 
Appendix  A*  A plotcf  these  weight  losses  versus  the  angle  of 
exposure  oomprlses  Appendix  B. 

Discussion 


Results  show  a clear  dependency  of  rate  of  oorro- 
slon  on  the  angle  of  exposure  and  on  the  position  of  the 
panels  with  respeot  to  the  prlnolpal  direction  of  flow  of 
fog.  The  angle  of  exposure  is  more  critical  and  has  a 
pronounoed  effect  on  the  rate  of  oorroslon.  Corrosion  on 
the  underside  was  of  a different  character  than  that  on 
the  upper  side  of  the  panel.  Corrosion  on  the  underside 
was  characterized  by  a dark,  finer- grained,  adherent 
cover  of  rust  that  is  not  readily  removed  by  scrubbing. 

Weight  gains  rather  than  losses  were,  therefore,  experienced. 
Corrosion  products  on  the  upper  surfaces  were  of  a coarser 
nature  and  lighter  in  oolor.  They  were  easily  removed  by 
scrubbing,  resulting  in  weight  losses. 

Corrosion  increased  to  a maximum  on  the  upper 
surface  at  an  angle  of  approximately  30°  from  the  vertical. 
Corrosion  on  the  underside  showed  a minimum  at  the  hori- 
zontal. 


The  smaller  nature  of  the  fourth  quadrant  of  the 
graph  as  compared  with  the  first  is  an  indication  of  the 
dependency  of  the  rate  of  corrosion  on  the  position  of  the 
panel  in  the  box  relative  to  the  principal  direction  of 
flow  of  fog.  Panels  with  their  principal  surface  exposed 
to  the  horizontal  as  well  as  vertical  impingement  of  salt 
fog  partloles  are  subjeot  to  greater  corrosion  than  those 
whose  principal  surface  is  shielded  from  the  horizontal 
component. 

Conclusions 

These  data  constitute  a measure  of  the  dependency 
of  the  rate  of  corrosion  on  the  angle  of  exposure  and  its 
relationship  to  the  direction  of  the  principal  flow  of  fog 
in  the  test  cabinet.  They  show  the  importance  of  proper 
consideration  of  the  angle  of  exposure  in  salt  spray  testing. 
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TEST  M7MBBR  2fl  CORROSIOK  RATES  AT  98w  F.t  2Q?S  S :DTITJ  CHLORTDK 

VARIABLE  - Angle  of  Exposure  LENGTH  OF  T1 

MATERIAL  - Steel  

ANGLE  OF'  EXPOSURE  WEIGHT  LOSS 


.IATERIAL  - Steel 


CONDTTIOHS  OF  TFST 


Solutla  Conpoaitlos 
Dry  Bulb  Te*»p.(°  F.) 
Wet  Bulb  Tenp.(®  P.) 
Relative  Humidity 
Particle  Site 
(ra’ crone) 

Rate  of  Settling 
(an, /tec.) 

Air  Pressure 
(lba./ln.Z) 

Rooa  Temp.(°  F. ) 
Rate  of  Flow 
(ft,3/nln.) 


pH  7.0 


LENGTH  OF  TEST  - 24  ] lours 


WEIGHT  LOSS  "grams 

-.0171 
-.0399 
-.0397 
-.0446 
-.0443 
-.0438 
-.0476 
-.0513 
-.0462 
-.0357 
.0034 
.0136 
.0205 
. 0164 
.0107 
.0184 
.0134 
.016  f 
.0238 
.0046 
.0099 
.0136 
.0116 
.0152 
.0241 
.0167 
.0132 
.0161 
.0147 
.0236 
-.0267 
-.0267 
-.0307 
-.0301 
-.0361 
-.0377 
-.0477 
-.0346 
-.0289 


20*  MaCl 

pH  of  Solution 

7.0 

96° 

pH  of  Fog 

7.0 

98° 

Rate  of  Vog 

100* 

Collection?-  ls#Ar# ) 

1.0 

.5 

Impurities  in  Salt 
Solution 

4 x 10“* 

1«  Assay 
2.  br  and  I 

99. 8t 

11.8 

3.  Heavy  Petals 

Specifio  ^ravit> 

98° 

of  Solution 

1.150 

.46 

Volune  of  Snlution 

in  fteaervoir 

5 gal , 

. 1 IS/i 


as  / 


TrtST  NO.  21 


Ob  ject 


The  object  of  this  test  is  to  determine  the  ef- 
fect of  a substantial  reduction  of  the  -surface  tension  of 
the  test  solution  on  the  rate  of  corrosion  in  the  salt 
spray  method  of  accelerated  corrosion  testing. 

Summary 

A test  has  been  conducted  at  95  ®F,  using  a 20# 
sodium  chloride  solution,  pH  7.0,  for  a period  of  150  nours 
in  the  salt  spray  teat  cabinet.  The  surface  tension  of  the 
solution  used  to  generate  the  fog  was  reduced  to  approxi- 
mately half  its  usual  value  by  the  addition  of  an  organic 
wetting  agent. 

Introduction 


The  surface  tension  of  a liquid  is  a measure  of 
its  cohesive  nature.  Liquids  with  high  surface  tensions 
tend  to  form  droplets  on  a surface  rather  than  an  evenly 
distributed  film  as  liquids  of  lower  surface  tension  would. 

The  surface  tension  of  the  salt  spray  test  solution,  there- 
fore, is  of  primary  importance  in  detemining  the  "wettability’’ 
of  the  solution  and  should  directly  affect  the  rate  of  cor- 
rosion. The  results  of  this  test  will  be  compared  with  those 
of  Tests  No.  7 and  No.  19  to  determine  the  effect  of  surface 
tension  on  the  rate  of  corrosion. 

Procedure 


A procedure  similar  to  that  outlined  in  Test  No.  7 
was  followed.  The  test  was  run  for  a period  of  150  hours  at 
95°F,  using  a 20#  sodium  c loride  solution,  pH  7.0.  The  sur- 
face tension  was  lowered  from  a normal  value  of  64  dynes  per 
centimeter  to  37  dynes  per  centimeter  by  the  addition  of  a 
water  solution  of  Aerosol  OT  wetting  agent  (manufactured  by 
American  Cyanamld  Corp. ) Surface  tensions  were  measured 
with  a stalagmometer  at  25°C.  A summary  of  the  operating 
conditions,  cumulative  weight  losses  and  panel  ratings  appears 
in  Appendix  A while  a plot  of  the  cumulative  weight  losses 
for  the  steel,  brass,  zinc  and  cadmium  panels  comprises 
Appendix  B. 

Discussion 


The  steel  panels  lost  weight  at  a reasonably 
steady  rate  and  the  weight  losses  showed  their  usual  dependency 
on  a position  in  the  box. 


The  brass  panels,  after  initial  losses,  gained 
weight  steadily  as  lias  been  previously  experienced. 

The  zinc  panels  showed  unusually  high  weight 
losses,  while  the  cadmium  panels  lost  weight  at  a steady 
rate  in  a closely  grouped  pattern* 

The  pentrated  steel  panels  all  failed  before 
1 hour^  exposure,  three  failing  before  l/2  hour. 

The  aluminum  panels  anodized  by  the  chromic  acid 
process  showed  a definite  superiority  over  taose  prepared 
by  the  sulphuric  acid  process.  The  sulphuric  acid  panels 
all  failed  before  24  hours,  while  at  the  end  of  66  hours, 
none  of  the  chromic  acid  panels  snowed  signs  of  attack* 

The  nickel  plated  steel  panels  all  failed  before 
5 hours,  one  panel  falling  at  the  end  of  1-1/2  hours. 

The  phosphated  steel  panels  all  failed  before  l-l/2  hours 
exposure* 

Conclusions 

These  data  constitute  a measure  of  the  corrosion 
rate,  using  a test  solution  of  lowered  surface  tension  and 
will  be  compared  with  the  results  from  Tests  No.  7 and  No. 
19  to  evaluate  its  effect  on  the  various  types  of  panels 
used  in  this  series  of  tests. 
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TEST  NO.  22 


► 


Object 


The  object  of  this  tost  is  to  determine  the 
oorrosive  effects  of  a marine  atmosphere  on  the  various 
types  of  test  panels  used  In  the  salt  spray,  investiga- 
tion. 

Summary 

An  outdoor  test  has  been  conducted  at  Westbrook, 

4 Connecticut  on  the  steel,  brass,  zinc,  cadmium,  pentrated, 

steel,  anodized  aluminum,  nickel  plated  steel  and  phosphated 
steel  panels  used  in  the  foregoing  aeries  of  salt  spray 
tests.  This  test  in  a marine  atmosphere  will  be  used  in 
comparison  with  exposure  tests  made  in  an  industrial  at- 
mosphere as  well  as  salt^a pray  and  humidity  tests. 

Introduction 

A frequent  and  possibly  well  grounded  criticism 
of  the  salt  spray  test  is  that  it  does  not  duplicate  actual 
# oonditions  of  exposure  In  service.  Furthermore,  It  has  been 

stated  that  comparisons  between  salt  spray  results  and 
marine  exposure  tests  show  less  correlation  than  with  re- 
sults of  exposure  tests  made  in  non-marine  atmospheres. 

The  type  of  corrosion  is  said  to  be  different  in  each  case 
as  evidenced  by  a different  character  of  products  obtained 
in  the  corrosion  of  nickel  plated  steel  panels.  This  test, 
therefore,  is  an  attempt  to  measure  the  possible  agree- 
ments and  disagreements  between  salt  spray  and  marine  ex- 
posure tests. 

Procedure 

A full  set  of  thirty-six  panels,  four  each  of  the 
nine  different  types,  ware  cleaned  and  prepared  according 
* to  methods  described  in  Test  No.  7.  A special  rack  was 

*'■  constructed  so  as  to  incline  the  panels  at  an  angle  of  30° 

from  the  vertical.  The  panels  were  supported  on  both  top 
and  bottom  by  slotted  racks  which  were  securely  fastened 
to  prevent  removal  by  sudden  gusts  of  wind.  The  whole 
assembly  was  secured  to  the  roof  by  sandbags.  The  panels 
were  so  situated  that  their  major  surface  was  parallel  to 
the  shore  and  exposed  in  a general  southerly  direction. 

This  test  was  conducted  at  Westbrook,  Connecticut  and  the 
panels  were  approximately  150  feet  from  high  water. 

A summary  of  observations  and  times  of  exposure 
are  shown  in  Appendix  A. 


The  steel,  brass,  zinc  and  cadmium  panels  were 
cleaned  according  to  the  usual  methods  after  1,032  hours 
exposure  and  reweighed.  The  weight  losses  computed  also 
appear  In  Appendix  A. 

Discussion 

The  observations  made  at  the  various  times 
throughout  the  test  are  self-explanatory.  It  Is  interest- 
ing to  note,  however,  the  somewhat  apparent  superiority 
of  the  anodized  aluminum  panels  over  those  prepared  by  the 
sulphuric  acid  process. 

J 

The  total  weight  losses  after  1,032  hours  ex- 
posure for  the  cadmium  panels  are  of  the  same  order  as 
thos*  obtained  in  the  first  24  hours  of  salt  spray  exposure. 
This  would  indicate  the  inertness  and  tenaciousness  of  the 
protective  oxide  film  thst  forms. 

The  very  slight  weight  changes  of  the  brass 
panels  also  snow  the  protective  nature  of  the  initial 
corrosion  products. 

Conclusions  * 

These  data  are  a measure  of  the  corrosive  ef- 
fects of  a marine  atmosphere,  and  will  be  used  in  comparison 
with  outdoor  exposure  tests  in  an  industrial  atmosphere 
and  salt  spray  tests  to  determine  any  possible  correlation 
between  the  three. 


i 
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APPENDIX  A 


C* 


TEST  NO.  23 


The  object  of  this  test  is  to  determine  the  oor- 
rosive  effect  of  an  Industrial  atmosphere  on  the  various 
types  of  panels  used  In  this  series  of  tests  and  to  corre- 
late , if  possible,  the  results  obtained  with  those  from 
salt  spray,  humidity  and  marine  exposure  tests. 


A te st  has  been  conducted  for  a period  of  1,190 
hours  on  the  roof  of  the  Henry  Souther  Engineering  Co.,  on 
the  steel,  brass,  sine,  cadmium,  enameled  steel,  anodised 
aluminum,  nickel  plated  steel  and  phosphated  steel  panels 
used  in  tnis  series  of  tests.  Periodic  observations  were 
made  and  weight  losses  for  the  steel,  brass,  zinc  and 
cadmium  panels  computed. 

Introduction 

Outdoor  exposure  tests  have  anown  wide  variance 
when  compared  with  the  results  of  salt  spray  tests  on 
similar  materials.  For  tho  purpose  of  comparison  with  re- 
sults of  other  types  of  corrosion  tests,  this  test  is  an 
attempt  to  measure  the  corrosive  effects  of  an  industrial 
atmosphere. 

Procedure 

The  thirty- six  panels  used  in  the  foregoing 
series  of  tests  were  prepared  and  cleaned  according  to 
methods  outlined  in  Test  No.  7.  They  were  placed  in  a 
specially  constructed  rack  and  securely  held  at  both  top 
and  bottom  by  adjustable  nails.  The  panels  were  Inclined 
at  an  angle  of  30°  from  tho  vertical  and  the  principal 
surface  of  the  panel  was  diraoted  toward  the  south.  The 
whole  assembly  was  held  on  the  roof  by  sand  bags.  The 
test  rack  was  locatod  about  50  feet  from  an  exhaust  hood 
which  discharges  a variety  of  fumes,  many  of  an  acidio 
nature.  The  test  was  run  for  a p rlod  of  1,190  hours. 
Observations  made  during  this  time  appear  in  Appendix  A 
as  well  as  the  weight  losses  of  the  steel,  brass,  zinc 
and  cadmium  panels,  determined  at  the  end  of  the  test. 

Discussion 

The  periodic  observations  of  the  panels  are  self* 
explanatory.  The  same  standards  of  failure  were  used  as 
in  the  salt  spray  teats. 


t 


The  ohromlo  acid  anodized  aluminum  panels  showed 
a definite  superiority  over  those  prepared  by  the  sulphuric 
aoid  prooesa. 

The  greater  weight  losses  experienced  for  the 
steel,  brass,  zinc  and  cadmlun  panels  when  compared  with 
the  results  obtained  from  the  marine  exposure  test  could  be 
due  to  the  corrosive  nature  of  the  fumes  from  the  adjacent 
exhaust  fan. 

Conclusions 

The  results  obtained  in  this  test  will  be  used  as 
a measure  of  the  corrosiveness  of  an  Industrial  atmosphere 
for  the  purpose  of  comparison  with  results  obtained  from 
other  types  of  oorrosion  tests  herein  described. 
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TEST  NO.  24 


Objeot 

The  objeot  of  this  test  is  to  determine  the 
effects  of  humidity  cabinet  exposure  on  the  steel,  brass, 
sine,  oadmlum,  pentrated  steel,  anodized  alunlnum, 
nickel  plated  steel  and  phosphated  steel  panels  used  In 
the  foregoing  series  of  salt  spray  and  outdoor  exposure 
tests. 

Summary 

A test  has  been  conducted  In  the  humidity 
oablnet  for  a period  of  976  hours  at  100°P  and  a relative 
humidity  of  95%.  Weight  losses  were  measured  and  panels 
rated  according  to  the  same  system  as  used  In  the  salt 
spray  tests. 

Introduction 

Humidity  cabinet  exposure  tests  would  be  a 
possible  substitution  for  salt  spray  as  a method  of 
accelerated  corrosion  testing.  The  effect  of  a humid 
atmosphere  on  the  various  types  of  panels  used  In  this 
series  of  tests  should  be  determined  In  order  that  possible 
comparisons  might  be  made  between  this  method  and  salt 
spray  and  outdoor  exposure  tests. 

Procedure 


The  thlrty-slx  panels  used  in  this  series  of 
tests  were  prepared  aooordlng  to  methods  outlined  In 
Test  No.  7.  Details  of  construction  of  the  humidity 
cabinet  appear  in  Phase  II  of  this  report.  A special 
wood  rack  was  constructed  to  support  the  Individual  panel 
holders.  The  panels  were  placed  in  the  box  In  a random 
distribution  as  shown  In  Appendix  A.  The  temperature  was 
maintained  at  10^ °F  and  the  relative  humidity  adjusted  to 
a minimum  value  of  955f#  The  test  was  conducted  for  a 
period  of  976  hours  during  which  time  dally  observations 
were  made  and  weight  losses  determined.  A summary  of 
these  observations  and  weight  losses  for  the  steel,  brass, 
zlno  and  cadmium  appears  In  Appendix  B,  while  a plot  of 
these  weight  losses  comprises  Appendix  C. 

Discussion 

The  steel  panels  lost  weight  in  a rather  ir- 
regular pattern  although  the  overall  picture  is  one  of 
a steady  weight  loss.  Corrosion  products  obtained  were 
of  the  same  character  as  those  In  outdoor  exposure  test* 


A.  , 


or  those  experienced  on  the  underside  of  panels  In  salt 
spray  tests i that  Is,  the  products  were  dark,  fine-grained 
and  difficult  to  remove  by  scrubbing. 


The  brass  panels  gained  weight  in  a highly  Ir- 
regular day  to  day  variation.  The  general  tendeney  was 
an  approach  to  a oonstant  value  In  excess  of  the  original 
weight. 


e 


c 


The  zinc  panels  gained  weight  steadily  and  In  a 
fairly  olosely  grouped  pattern.  The  tendenoy  again  was  to 
approach  a steady  value  that  is  in  excess  of  the  original 
weight. 


The  cadmium  panels  showed  the  largest  weight 
losses  which  was  probably  due  to  the  fact  that  this  was  the 
only  series  of  panels  In  which  complete  removal  of  the 
corrosion  products  could  be  accomplished  (l.e.  oyanlde 
cleaning ) . 

The  pentrated  steel  panels  all  failed  before 
24  hours  exposure. 

The  sulphuric  acid  anodized  aluminun  panels 
proved  superior  to  those  prepared  by  the  chromio  sold 
process.  The  sulphurio  acid  panels  snowed  no  signs  of 
failure  at  the  end  of  the  test  (976  hours),  while  three  of 
the  chromio  add  anodized  panels  failed  after  576  hours 
exposure. 


The  nlokel  plated  steel  panels  all  failed  before 
72  hours  exposure  as  did  the  phosphated  steel  panels. 

Conclusions 

These  data  constitute  a measure  of  the  corrosive 
effeots  of  a humid  atmosphere  on  the  test  panels  under 
observation  and  will  be  used  In  comparison  with  the  re- 
sults from  salt  spray  and  outdoor  exposure  teats  to 
evaluate  the  effectiveness  of  humidity  cabinet  exposure 
as  a method  of  accelerated  oorroslon  testing. 
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